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FOREWORD 
This report was prepared by the Amplifier Section of the Systems Division of 
Watkins-Johnson Company, Palo Alto, California. The development program 
executed by Watkins-Johnson Company was to design, develop and test one 
prototype 35 Watt, S-Band, Traveling-Wave Tube Amplifier under NASA 
contract NAS8-20787. The program was administered under the direction of 
the George C. Marshall Space Flight Center, Huntsville, Alabama. The 
Contracting Officer was Lloyd Bjerge, DCASR , San Francisco, California. 
The Amplifier Section of the Watkins-Johnson Company System Division 
administered the program a t  the Watkins-Johnson Company. 
This report covers the active period of the program extending from June 30, 
1967 to September 30, 1969. 
This technical report has been reviewed and is approved. 

ABSTRACT 
One of the prime requirements for spaceborne vehicles, both manned and 
unmanned, is that of a reliable telemetry and communication system for both 
the launch vehicle and the spacecraft itself. The nature of i ts  application 
dictates that it be of long life, high efficiency, light weight and capable of 
surviving severe environmental conditions with no degradation of performance. 
This report outlines the approach implemented to realize a 35-watt, S-Band, 
Traveling-Wave Tube Amplifier (TWTA) to replace the present lower power 
S-Band TWTA utilized in Command and Communication System Downlink in 
the Saturn V Instrument Unit. The program undertaken by Watkins-Johnson 
Company consisted of the design and development of a high efficiency TWTA. 
A 42% efficient TWT, and an 85% efficient power conversion system was 
achieved. 
Power conversion system and traveling-wave tube design considerations, 
detail design parameters and test data on the complete power amplifier a r e  
presented. 
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SECTION I 
INTRODUCTION 
An integral part  of the Command and Communication System Downlink in the 
Saturn V Instrument Unit is the S-Band traveling-wave tube amplifier. The 
Communication System presently in operation makes use of a WJ-1014-1, a 
15 watt, S-Band TWTA developed specifically for this application. To meet 
the requirement for reliable telemetry and communication for the launch 
vehicles to be used in future manned and unmanned flights, Watkins-Johnson 
entered into Contract NAS8-20787 with the National Aeronautics and Space 
Administration, Marshall Space Flight Center, to design, develop and test  
one prototype 35 watt, S-Band TWTA. 
This development contract produced a TWT (WJ-448-1) that was 42% efficient, 
far surpassing the WJ-274-1 which is presently being used and is 31% efficient. 
It also yielded a Power Conversion System (PCS) the WJ-1261, with a minimum 
efficiency of 85 % over the temperature range of - 2 0 ' ~  to +85 '~ ,  which 
exceeds the efficiency of the present PCS (WJ-1044) by 4%. 
The end item prototype TWTA (WJ-1260) that was developed under this 
contract was a sixteen pound, 422.3 cubic inch, 35 watt unit with an integral 
low pass  filter and isolator. The WJ-1260 provides an additional 20 watts 
of RF output power for an increase in power consumption of 45 watts, and at  
a reduction in weight of four pounds. 
A period of time under this contract was spent studying and breadboarding a 
preliminary approach to a Power Conversion System that would have consisted 
of a regulating converter. This study produced a low power breadboard of a 
regulating converter which worked very well and a high power breadboard that 
worked satisfactorily. Appendix I contains the results of the study. At the 
conclusion of the effort undertaken to produce a working model of a regulating 
converter a number of problems still remained unsolved. These problems 
a r e  major in effect but a r e  minor in difficulty, and with a limited amount of 
further work a final design could be arrived a t  and a working model produced. 
This report is  divided into three major par ts  to facilitate the discussion of 
the final design: 1. ) the traveling-wave tube amplifier; 2. ) the Power 
Conversion System; 3. ) the traveling-wave tube. 
The design objectives, design approach, and final design a r e  discussed 
relative to the problems encountered in obtaining a device of high efficiency, 
long life, light weight, compact, and rugged construction. Since the require- 
ments of long life versus high efficiency, and rugged construction versus light 
weight and compact size a r e  often diametrically opposed, an equilibrium 
must be sought on the basis  of the relative importance of each requirement. 
The solutions to the problems that ar ise  in obtaining this balance, a s  well a s  
definition of the problem and discussion of the various possible approaches 
to the solution a r e  presented. Data obtained from the acceptance tes ts  of 
the completed amplifier is presented in summary form. 
SECTION I1 
DESCRIPTION OF FINAL DESIGN 
POWER AMPLIFIER 
This section of the report covers the final design of the WJ-1260 power 
amplifier. The amplifier package (TWTA) consisting of a Traveling-Wave 
Tube (TWT), Power Conversion System (PCS), and associated RF com- 
ponents was designed to meet the advanced requirements of space communi- 
cation systems during the 1970's. A block diagram of the TWTA is shown in 
Figure 1. 
Performance Characteristics 
The WJ-1260 TWTA is a nominal 35 watt output, S-Band traveling-wave tube 
amplifier designed for space applications. The complete amplifier is shown 
in Figure 2. A summary of the amplifier's final performance in relation to 
its design goals is listed in Table I. The power amplifier final electrical 
performance is  listed in Table 11. 
Mechanical Characteristics 
The amplifier consists of eight subassemblies, namely the traveling-wave 
tube, regulator module, low voltage module, high voltage module, RFI 
module, low pass filter, isolator and input attenuator. 
The subassemblies a re  packaged in an enclosure consisting of an aluminum 
dip braze housing and a magnesium lid. The entire enclosure is goldplated. 
The eight amplifier subassemblies are  secured to the baseplate or center 
wall by bolts. 
A summary of the amplifiers final mechanical characteristics is  provided in 
Table 111. 


TABLE I 
PERFORMANCE CHARACTERISTICS 
OF TWTA 
Parameter 
Frequency Range 
Power Output (at saturation) 
Power Output at 2 2 db variation 
about saturation drive 
(a. ) From -200C to +75OC 
(b. ) From - 2 0 ' ~  to +85O~ 
Saturation Drive Level 
RF Input VSWR a t  28 volts 
Input Voltage 
(a. ) 2200 MHz 
(b. ) 2250 MHz 
(c. ) 2300 MHz 
Telemetry Outputs 
(IH, IK, Tv) 
Duty Cycle (CW) 
Power Consumption (DC) 
(from -200C to + 85O.C) 
Design 
Goal 
2.2 to 2. 3 GHz 
35 watts, min. 
35 watts, min. 
35 watts, min. 
20 dbm 
1.3:l max. 
1.3:l max. 
1 .3: l  max. 
0 to 5 v DC 
100 K ohms 
Load 
135 watts, max. 
Actually 
Attained 
2. 2 to 2.3 GHz 
35 watts, min. 
35 watts, min. 
32.7 watts, min.* 
20 dbm 
1.3:l  max. 
1.28:l max. 
1.12:l max. 
0 to 5 v DC 
100 K ohms 
Load 
134.4 watts, max. 
*This condition is caused by an increase in the insertion loss of the RF chain. 
A detailed explanation is contained in Section III of this Report. 
TABLE I1 
ELECTRICAL REQUIREMENTS 
Parameter 
Design 
Goal 
TWTA 
DC Input Voltage 28 * 4  v DC 
Efficiency (Including heater) 
(over the R F  drive range 
& DC input voltage range) 
High Voltage Time Delay 
TWT 
Tube focusing 
Efficiency 
Power Conversion System 
Efficiency 
(over DC Input voltage range 85% min. 
and f rom -200C to + 85 '~)  
Temperature 
Actually 
Attained 
29. 0% 
120 sec. , Typ. 
PPM 
42% 
85.37% min. 
- 2 5 ' ~  to + 9 0 ' ~  
Parameter 
TABLE 111 
MECHANICAL REQUIREMENTS 
Weight 
Dimensions (excluding mounting fee) 
DC Power Connector 
R F Power Input Connector 
R F  Power Output Connector 
Cooling 
Design 
Goal 
16. 0 lbs. max. 
14.0 by 4.6 by 
7.0 inches 
Actually 
Attained 
16.0 lbs. max. 
13.8 by 4. 5 by 
6. 8 inches 
TNC- Coaxial 
Female 
Type "N" - Coaxial 
Female 
Conduction through 
mounting surface 
POWER CONVERSION SYSTEM 
This section describes the power conversion system developedfor a 35 watt S-band traveling- 
wave tube amplifier to meet the advanced requirements of space communication systems 
during the 1970's. The power supply is capable of taking unregulated dc voltage and con- 
verting i t  to the dc voltages required by the TWT a t  an efficiency grea ter  than 85% over 
a temperature range from -20°C to + 85OC. 
Electrical Design 
The power conversion system consists of four modules, identified in Figure 3, interwired 
with radiation resistant  wire and a l l  exposed electrical connections flowcoated for  pro- 
tection. The modules are: Radio Interference Suppression Module (all input and output 
leads through this), Regulator (regulates primary power and includes I he timing 
circuit),  Low Voltage Converter (TWT heater and logic circuitry),  and the High Voltage 
Converter (supplies high voltages to the TWT). A block diagram of the power supply 
i s  shown in Figure 4. 
RFI Module 
The RFI module consists of interference f i l ters  placed in s e r i e s  with a l l  power and 
telemetry leads entering and leaving the amplifier and also contains the DC power 
connector. The purpose of this module is to filter any unwanted signals that may 
be conducted on the leads passing in o r  out of the enclosure in which the complete 
amplifier is enclosed. 
Regulator 
The switching-type regulator used in this system is shown inFigure 5, It is designed 
to supply 22 volts output with 96 % regulation a t  inputs of 24 to 32 volts and load cur- 
rents from zero  to grea ter  than 5 amps. These characteristics provide an  output 
impedance of approximately 7 milliohms. The operating frequency is approximately 
10 KHz and the output ripple is less than 20 millivolts. 
In this type of switching regulator the major power dissipation losses a r e  due to the 
limitations of the components themselves. This system regulates the output voltage 
by means of an electronic switch which is alternately opened and closed. The high 
efficiency is due to the fact that in both the closed and open conditions of this switch 
(the on and off intervals of the transistor) the power losses a r e  very low. A low 
saturation voltage, VCE sat ' ,  and low leakage current  a r e  some of the parameters  
that a r e  considered in selecting the transistor  for  the switch. 
The basic circuit can be explained with the aid of the simplified schematic shown in 
Figure 6. A s  shown the input is unregulated dc. Assume that t ransistor  Q1 is on, 
allowing capacitor C1 to become charged. The inductor W. is the current limiting 
impedance, and in conjunction with capacitors C1 ac t  a s  the first output f i l ter  sec- 
tion f o r  the regulator. The charging voltage ac ross  capacitors C1 approaches the 
input voltage V. with the transistor  on. 
m 




A portion of the output voltage, determined by the ratio of R1 and R2 is  then compared 
with a reference voltage. The pA 710 is connected a s  a level detector with the refer- 
ence voltage fed to the non-inverting input. Therefore, when the sensed portion of the 
output voltage Vout is slightly above the reference, the comparator will turn off, and 
in turn cause the "pass" t ransistor  Q 1 to turn off. With the "pass" t rans is tor  turned 
off and capacitor C l  no longer being charged, the capacitors s t a r t  to discharge into 
the load (RL). When the sensed portion of the output voltage decreases slightly below 
the reference, the comparator will produce a positive step voltage output and in turn 
cause the switching transistor  Q1 to be fully on o r  in a saturated state. Therefore, 
the circuit operates in a self-oscillating mode in such a way a s  to maintain an  accur- 
ately regulated dc voltage, and a constant ripple voltage across  the load, regardless 
of changes in line o r  load. 
The loop is self-oscillating with the instantaneous frequency of oscillation determined 
by the LC Fil ter ,  the load impedance and the hysteresis designed into the comparator 
circuit. 
When the pass  t ransistor  is off, a negative voltage is induced in the filter inductor Ll  
Diode CR1 which we will call  the "commutating diode" acts  to commutate this induc- 
tive current,  maintaining current flow through the load and helping to improve the 
efficiency of the system. 
The comparator will respond very rapidly to step load changes, and because of this, 
the response of the entire  loop to these changes is limited to the response of the LC 
Fi l te r  and the switching transistor.  Our analysis has shown with higher frequencies 
the LC product decreases and the response time is faster .  But a t  the higher 
frequencies, the losses in the switch become significant. Our design is optimum a t  
10 KHz. 
Referring to the complete switching regulator Figure 5, a pre-regulator (Ql, R1, VR4) 
is used to supply current  fo r  the temperature-compensated voltage-reference Diode 
VR2 and to provide power for  the pA 710 comparator. 
The value of L1 inductor was determined by the relationship 
The value of capacitor C 6-7-8 was determined by the relationship 
The bulk of the powerloss in the system is the power dissipated in the pass  t ransistor  
Q2. The total power dissipated in Q2 is the sum of the losses during the on period 
and the losses during the off period. 
The on losses were  determined by 
where: 
2 R Ton P = (Ic ) ( CE sat) -on T 
Ic = collector current  of Q2 
RCE s a t  = Saturation resistance of Q2 
a t  the Ic value 
T = total period (. $7.' 
on + Toff) 
The off losses which a r e  considerably l e s s  than the on losses were calculated a s  
follows: 
The total losses 
P total = Pan i- Poff 
In o rde r  to  minimize losses Q2 was chosen f o r  low VCE sat, low ICEO, collector 
to  emit ter  and emit ter  to base breakdown voltages, power dissipation and collector 
current  capability. In addition the parameter  of current gain vs. temperature was 
carefully considered. A 2N3597 was chosen for  Q2 because of the aforementioned 
parameters .  
The,pA 710 high speed differential voltage comparator was chosen fo r  i t s  very stable 
dc characteristics over a wide temperature range, and its response times which a r e  
superior  to component circuits of comparable performance. 
Resistor R9 is a lab set used to improve line regulation of the system through 
temperature. 
Resistor R8 is used to s e t  the hysteresis,  and in turn, the frequency of the compara- 
tor .  
Resistor R2-6-7 and capacitors C3 and C4 a r e  used primarily to c l ea r  out the 
stored charges in t ransistors  Q3 and Q4 when they shut off. 
Transistors  Q2 and Q3 a r e  connected in a Darlington combination. Their  efficiency 
is greatly improved by supplying a 3 volt source to Q3. This 3 volt source through 
Q3 provides the base drive necessary to saturate Q2. 
The commutating Diode CR 2,  which only conducts during the off interval was 
selected for  low V forward drop, reverse  breakdown voltage 15 times grea ter  than 
the input voltage and rated to conduct bet ter  than 2 times the maximum load current 
I L  - in the forward direction. 
T imer  and Control Circuit 
The t i m e r  used in this supply is shown in Figure 7. It  is designed to inhibit the 
high voltage supply for 120 2 30 seconds after  the dc input voltage has been applied. 
This provides sufficient time fo r  heating the filament of the TWT. After the t imer 
interval has elapsed the high voltages a r e  applied to the TWT and the amplifier is 
ready fo r  operation. 
The pA 710 high speed differential voltage comparator was again chosen fo r  its very 
stable dc  characteristics over a wide temperature range, and fast  step response 
times . 
In the circuit of Figure 7, the combination of R14, 15 and 16 determine the supply 
voltages for  the comparator. As in the regulator the p A  710 is connected as a 
level detector with hysteresis,  and the reference voltage, developed ac ross  R16, 
is fed to the non-inverting input. Transistor  Q6 is connected a s  an emit ter  follower 
f o r  obtaining a higher input resistance to  the pA 710. This was necessary since the 
input current to the comparator is high enough to cause significant loading of the 
leakage current of C10. A s  Q6 base-emitterbecomes forward biased the voltage on 
the emit ter  is fed to  the inverting input of the comparator. Therefore, when this 
voltage drops below the reference voltage on the non-inverting input, this comparator 
output voltage steps positive. This turns Q7 transistor  on and in turn causes transis- 
to r  Q3 in the high voltage module Figure 9 to turn off. With Q3 off the high voltage 
converter is allowed to run, thereby applying the high voltages to the TWT. 
In the circuit of Figure 9, applying the output of the regulator through R9 will turn 
Q3 on which again inhibits the high voltage supply. However, the TWT filament 
remains on while in this condition. 
Diodes CR 3 and CR 4 provide voltage breakdown protection to the differential input 
of the comparator. 
Resistor R 20 provides feedback to s e t  the hysteresis of the comparator. 
Low Voltage Converter 
The low voltage converter, the schematic of which is shown in Figure 8.4 supplies a 
bias voltage to the regulator module, the base drive to the power transistors  in the 
high voltage converter, and the filament voltage for  the TWT. 
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The base drive to  the power transistors that is provided by the low voltage converter 
also provides the base drive for  the filament t ransistors  Q3 and Q4. The ability to 
se lec t  the exact filament voltage desired is provided by using a lab se t  inductor L1 
in se r i e s  with the fila-ment voltage. By selecting the appropriate number of turns for  
E l ,  any filament voltage between 3.5 and 4.5 volts RMS can be  obtained. 
High Voltage Converter 
The dc to  dc  converter, a schematic of which appears in Figure 9,converts the regulator 
output into high voltages fo r  the TWT. I t  receives i ts  drive from the low voltage conver- 
t e r  and dc power from the regulator. The dc  provided by the regulator has low ripple 
content and low source impedance. I t  a lso supplies the cathode and helix current  
telemetries and the  temperature telemetry. 
The use  of two transformers to generate the high voltages offers several  advantages 
over single t ransformer application. Due to  the high current  required by the collector 
approximately 90 percent of total load, the primary of the collector t ransformer,  T2, 
cannot be  kept a s  f r e e  of switching transients and current  spikes a s  can that of the lower 
current  transformer, TI .  Since the helix and anode of the traveling-wave tube a r e  the 
two electrodes most  susceptible to  voltage fluctuations and ripples, i t  is logical to keep 
their  source as f ree  from noise a s  possible. This would be very difficult to do if they 
were driven from a source, such a s  the collector transformer, that was electrically 
noisy. Another advantage to load splitting with the transformers is the reduction of 
interwinding capacity that is present on cores that a r e  heavily burdened. This capacity 
is a function of the number of turns on the core.  It has to be charged and discharged a s  
if it were actual capacitors across  the secondary and thereby detracts from efficiency. 
One s e t  of high power switching transistors,  Q1 and Q2, is used to apply the square 
wave signal appearing on the primaries of the two high voltage transformers.  This 
eliminates the losses  that would occur if  two se t s  of t ransistors  were used. 
The helix current and cathode current  telemetry circuits a r e  s imi lar  to one another. 
Since their  function is to relate a current  condition, different approaches can be used. 
One is to  place a s e r i e s  res is tor  in the lead to be measured and develop a voltage 
ac ross  it. A drawback to  this type of scheme is i ts  inefficiency, since the voltage 
could not be read directly out due to the potentials of the leads being monitored, and 
would require further  translation. The technique used is to implement current  trans- 
formers ,  since secondary current  is a function of primary current  and the turns ratio. 
The secondary current  is rectified through a full-wave bridge circuit and fed through 
a precision resistor ,  developing a voltage output that is the analog of the current  in 
the primary.  
The temperature telemetry provides a reference point to be used to determine the 
exact temperature of the TWTA while operating. It consists of stud mounted thermistor  
located on the heatsink between Q1 and Q2. An additional winding on T2 provides a 
voltage which is rectified through a full-wave bridge circuit and appears ac ross  the 
se r i e s  combination of the thermistor and a precision res is tor  (R11). The voltage read- 
out is the voltage drop across  R l l  and is determined by the voltage drop ac ross  the 
thermistor.  
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Mechanical Design 
The modules composing the power supply, with the exception of the RFI, a r e  packaged 
utilizing printed circuit boards and heatsinks. The components a r e  mounted in the con- 
ventional manner on the circuit boards. This type of construction permits  the maximum 
circuitry in the minimum volume available and ease of construction. 
After the completion of the individual circuit boards, the module is formed by intercon- 
nection wires and mechanical support rods. The proper spacing for  the circuit boards 
is controlled by spacers.  In addition to controlling the spacing between the circuit 
boards, these spacers se rve  a s  a means of mechanical support. 
The regulator and low voltage modules a r e  designed to withstand a l l  environments with- 
out use of an  encapsulation material.  This is accomplished by mechanically fastening 
a l l  components, weighing more  than 1/2 gram to the printed circuit boards o r  heatsinks 
and then flow coating each module with Hysol 12-007. The regulator and low voltage 
module a r e  designed such that they can be encapsulated if s o  desired, but the repair- 
ability of a module that is not encapsulated fa r  surpasses that of an encapsulated one. 
The high voltage module is intended to be encapsulated but work was terminated p r io r  
to the completion of this phase, leaving the module unencapsulated. The encapsulation 
material  that would have been used on this module was an epoxy compound filled with 
glass microballoons. This material affords a very lightweight and rigid material  with 
a specific gravity on the order  of . 75 to . 8. 
The RFI is packaged in a copper enclosure and is electrostatically secure .  The filters 
used a r e  mounted through the housing of the RFI module and thereby bypass unwanted 
interference to chassis  ground. 
Using this approach, several  different RFI modules have been designed and manufac- 
tured a t  Watkins-Johnson Company that a r e  in full compliance with MIL-I-6181D. 
The RFI module is encapsulated with Eco Foam FP2 lb. to give i t  mechanical rigidity. 
Interconnections between the modules a r e  made by means of terminals located on the 
upper circuit board of the modules. These terminals a r e  of the bifurcated type and 
a r e  mechanically swaged into the circuit board and then soldered to ensure reliable 
electrical connections. The terminals a r e  interwired module-to-module to provide 
f o r  the actual connecting. 
The thermal aspects of the module design play an important par t  in the mechanical 
design. It  is important to  consider thermal design when mechanically developing a 
system. Operation of the entire system a t  a baseplate temperature of 850C requires 
a careful analysis of the hot spots within the enclosure and allowance for  adequate dis- 
sipation of the peak and average power. 
In order  f o r  any transistor  within the PCS to operate properly, two thermal require- 
ments must be satisfied. F i r s t ,  maximum instantaneous heat released a t  the junction 
must flow through the thermal circuit to the highest ambient temperature ever 
encountered without raising the junction above its maximum rated temperature. 
t = T + AT junction (max) ambient (max) J - A  (max) 
The instantaneous power released a t  the junction depends upon the instantaneous values 
of icy VCF, iB and VBE. Since f o r  the circuit under discussion, the transistors  will 
be carrying only dc  and/or audio frequency signals, .4 TJ-A (max) can be found from 
the relation: 
A T  = 0 P 43 P J-A (max) J -C J C  peak C-A J (max) 
- 
J-C AT/Total dissipation at 80' C case temperature 
AT = maximum junction temperature - case  temperature ( 8 0 ' ~ )  
P = The peak instantaneous V i product 
J (peak) CE c 
= 0  - 6  
' c -A T J-C 
6 relates the temperature r i s e  (OC) to  power dissipation in watts for the mounting con- 
figuration used. 
The second requirement fo r  satisfactory operation concerns thermal runaway. If this 
condition is to be avoided, the ra te  a t  which heat released a t  the junction increases 
with a r i se  in junction temperature must not exceed the ra te  a t  which the amount of 
power which can be dissipated changes a s  the temperature changes. 
d P  (released) J dPtT (dissipated) 
Therefore, if  thermal runaway is to be avoided, the following condition must  be met: 
ic = collector current 
tJ = junction temperature 
P J= power dissipated a t  the junction 
The regular switching and high power switching transistors  a r e  placed a s  closely in 
direct  contact with the heatsink a s  is possible, thus reducing the path of thermal 
resistance to a minimum. This effectively places the transistor  case a t  the base- 
plate temperature and allows a very close approximation of the thermal resistance 
(OC/W) for  a particular t ransistor  to be used to calculate the maximum junction 
temperature rise. 
2 2 
RF COMPONENT 
The RF section of the TWTA is composed of a low pass filter, an isolator, 
an input attenuator, a TWT (which is  discussed in another section) and the 
interconnecting RF cables. All of the above items were designed to 
specifically meet the contractual specification. A block diagram is shown 
in Figure 10. 
Low Pass  Filter 
The low pass filter selected for the TWTA was developed for NASA MSFC 
by Melabs, Inc. It is a Melabs Type F-7342. In actuality, it i s  a low pass 
filter with a stop band and therefore eliminates the need for a band pass 
filter. The electrical, mechanical, and environmental specifications for 
this filter a re  presented in Table IV. 
Isolator 
The three-port terminated isolator that was selected was developed by E&M 
Laboratories, North Hollywood, California, Model Number S27Tl1, especially 
for this program. Table V lists i ts  electrical, mechanical, and environmental 
specifications. 
Attenuator 
An attenuator in series with the RF input to the TWT is required to center 
the saturation point of the TWT over the drive range. The attenuator selected 
i s  manufactured by Weinschel Engineering, Gaithersburg, Maryland, Model 
Number 3-1. It is a miniature attenuator with 1 dB of attenuation. 
Q
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TABLE IV 
SPECIFICATION FOR LOW PASS FILTER 
WITH A STOP BAND 
ELECTRICAL SPECIFICATIONS: 
Operating Frequency: 2282.5 MHz f 10 MHz 
Insertion Loss @ 2282.5 -f 10 MHz: 0 .3  dB Max. 
Stop Band: 2095-2111 MHz 
Stop Band Rejection: 80 dB Min. 
2nd Harmonic Rejection (4565 MHz): 70 dB Min. 
3rd Harmonic Rejection (6847. 5 MHz): 60 dB Min. 
MECHANICAL CHARACTERISTICS: 
Size: 6 x 3 x 1 inches excluding connectors 
Weight: 1 . 5  lbs. Max. 
Connectors: Type "N" female on opposite 3 x 1 inch ends 
Mounting: Holes on two (2) inch centers for  1/4 inch bolts 
ENVIRONMENTAL SPECIFICATIONS: 
The unit shall operate while subjected to the following environmental 
conditions with no degradation of electrical performance. 
STATIC ACCELERATION - 100 G in each direction, along each of three (3) 
mutually perpendicular planes. 
VIBRATION 
RANDOM NOISE - 5 minutes in each of three (3) mutually perpendicular 
planes. 
(a) 20-59 CPS at  0.04 G ~ / C P S  
(b) 59-126 CPS a t  9 d ~ / ~ c t a v e  
(c) 126-700 CPS a t  0.40 G ~ / C P S  
(d) 700-900 CPS a t  minus 18 d ~ / ~ c t a v e  
(e) 900-2000 CPS at  0.09 G ~ / C P S  
SINUSOIDAL SWEEP - Two sweeps in each plane (one increasing and one 
decreasing), a t  the ra te  of one octave per minute. 
(a) 5-48 CPS a t  0.125 inches double amplitude displacement 
(b) 48-165 a t  15.0 G peak. 
(c) 165-2000 CPS a t  10.0 G peak. 
Table IV (Cont. ) 
SHOCK - Eight shocks in each of th ree  mutually perpendicular planes a t  
a level of 50 G ,  11 millisecond duration. 
HUMIDITY - 100% 
TEMPERATURE - 2 5 ' ~  t o  +85OC 
RFI  - Requirements of MIL-I-6181D shall apply. 
TABLE V 
SPECIFICATION FOR THREE-PORT TERNIINATED ISOLATOR 
General Description: This unit shall consist of a single integrated coaxial 
assembly. FM-TNC fittings. 
Frequency : 2.2 GHz to 2.3 GHz 
Insertion Loss: The forward insertion loss shall be 0.3 db max. 
Isolation: The return loss (isolation) shall be 20 db min. 
Load VSWR: The maximum load VSWR shall be infinity any phase. 
Impedance: 
Power: 
Cooling: 
Size: 
Weight: 
Temperature: 
Vibration: 
The input terminal impedance shall be 50 ohms 
nominal at  a VSWR of less than 1.2:l.  
The output terminal impedance shall be 50 ohms 
nominal at  a VSWR of less  than 1.3:l. 
The maximum incident input power shall be 50 watts. 
Cooling shall be by thermal conduction to the 
mounting surface. 
2.25 inches long x 1.0 inches wide x 3.5 inches 
high maximum 
0.75 pounds maximum 
The unit shall be capable of meeting all performance 
specifications when exposed to temperatures between 
-20°c to +85OC. 
Random noise 8 minutes each axis 
20 to 59 Hz a t  0.04 G ~ / H ~  
59 to 126 Hz at 9 d~ /oc t ave  
126 to 700 Hz a t  0.40 G ~ / H ~  
700 to 900 Hz at  minus 18 d~ /oc t ave  
900 to 2000 Hz at 0.09 G ~ / H ~  
Table V (Cont. ) 
Vibration(Cont. ): Sine 5 to 48 Hz a t  0.125" double amplitude displacement 
48 to 165 Hz a t  15.0 G Peak 
165 to 2000 Hz at  10.0 G Peak 
Sweep ra te  of one minute pe r  octave 
W orkmanship: Conformance to NASA Specification NPC 200-4. 
TRAVELINGWAVE TUBE 
This  section descr ibes  a traveling-wave tube designed for  u s e  in a 35 watt, S-hand 
integrated power amplifier to meet  advanced requirements of space comnzunic ation 
sys tems during the 1970 decade. The tube i s  capable of generating 50 watts of CW 
RF power output at an  overall  efficiency of 45  percent.  The program has been suc- 
cessful and high performance character is t ics  have been reached. 
GOALS AND ACHIEVEMENTS 
Goals Established for  this Development 
The following l i s t  of design goals represents  the major  performance goals 
established f o r  the TWT program to meet  the total specification requirements  
of NASA Contract NAS8-20787. 
Frequency range 
Assigned frequency 
Power output over frequency 
range and power input dr ive 
variation of *2 dB about 
saturation dr ive level 
Saturation power input 
Total power consumption 
Focusing 
Cooling 
Weight 
Environment 
Tempera ture  
Vibration 
Sinusoidal 
Random (5 minutes in each plane) 
Acceleration 
2200 - 2300 MHz 
2250 MHz 
42  watts, min. 
19.5 dBm, max. 
115 watts, max. 
PPM (Periodic Permanent  
Magnet) 
Conduction only 
3.5 pounds 
5-48 HZ, 0.125" D.A. 
48 - 165 HZ, 1 5  g. pk. 
165 - 2000 cps,  10 g. pk. 
20 - 59 Hz a t  0.04 g 2 / ~ z  
50 - 126 Hz a t  +9 d ~ / o c t a v e  
126 - 700 Hz a t  0.40 g 2 / ~ a  
700 - 900 Hz at -18 dB/octave 
900 - 2000 Hz a t  0.09 g 2 / ~ z  
10  g, 3 minutes i n  each plane 
Performance Achieved 
Final Unit (s/N 3) Back-Up Unit (s/N 4) 
Acceptance Test  Data Nominal Performance 
Frequency range 
Saturated power output 
Power output at *2 dB variation 
about saturation drive 
Saturation drive level 
Total power consumption 
Focusing 
Cooling 
Weight 
Environment 
2200 - 2300 MHz 2250 MHz 
49. 0 watts, min. 49 watts, min. 
42. 0 watts, min. 42 watts, min. 
18 .3  dBm, max. 19 dBm, max. 
113.8 watts, max. 114 watts, max. 
PPM 
Conduction 
2 .1  pounds 
The WJ-448 o r  the WJ-395, which i s  very 
similar  in design, have met o r  exceeded the 
temperature, vibration, and acceleration 
requirements. 
STATE-OF-THE-ART IN  TWT EFFICIENCY TECHNIQUES 
AT THE START OF THE PROGRAM 
At the beginning of this program, the state-of-the-art in traveling-wave tube 
efficiency had progressed to the point where PPM focused space type tubes had 
given 33 percent beam efficiency and 40 percent overall efficiency. Actual pro- 
duction flight tubes yielded in the order  of 34 percent overall efficiency. Labora- 
tory tubes, focused in solenoidal magnetic fields had demonstrated more  than 40 
percent beam efficiency. Through the use of specially designed current  and 
velocity analyzers, measurements on the spent beams emerging from these tubes 
indicated that a collector could be depressed to give an overall efficiency grea ter  
than 50 percent. 
Efficiency improvement has largely come about by overvoltage operation of the 
TWT. This means that the beam voltage applied to the tube i s  a value much 
l a rge r  than that which gives maximum small signal gain. The performance char- 
acteristics of a tube operating under large overvoltage conditions show very little 
small  signal gain. Near saturation drive there is a very abrupt increase in power 
output for a small  change in input RF  drive power (as much a s  20 dB increase in 
output for a 5 dB change in input). Because this type of performance involves a 
beating-wave type of interaction, electrical lengths of the helix become critical 
and the operating bandwidth becomes relatively narrow compared to normal broad- 
band TWT operation. 
The f i rs t  tube to embody the large overvoltage concept and reduce it to practice 
in rea l  space hardware was the WJ-274, a 20 watt, 2 .3 GHz TWT. l* 
The best  performance of such a design was 33 percent bean? efficiency and 40 
percent overall efficiency (including heater),  under voltage and current  conditions 
which give maximum efficiency. The saturation gain of the tube, with the helix 
characteristics given above, i s  20 dB. Higher gain versions of this tube were 1 
la ter  made and delivered for actual space systems. The higher gain was achieved 
by designing the input helix section with a different pitch so  that i t  would operate 
closer  to synchronism. Gain values of 36 dB were achieved. 
Watkins-Johnson has undertaken a se r i e s  of research programs to discover new 
methods for improving TWT efficiency. The early part  of one of these programs ** 
was spent in examining the electron beams emerging from the helix of a TWT 
under all combinations of operating conditions. One result  of these studies was 
the recognition that l e s s  than 50 percent of the fundamental energy content of the 
bunched beam was being extracted by the TWT and appearing at the tube output 
a s  usable RF  power. I t  was then determined that additional energy could he  ex- 
t racted by placing a cavity resonator beyond the end of the helix. Considerable 
R F  power appeared in the cavity which was in addition to that which had already 
been removed by the helix. 
The idea of placing another helix instead of a cavity beyond the first helix was 
conceived, the idea being that this helix could be operated a t  a voltage independent 
of the f i r s t  helix and could be driven by power from the f i rs t  helix at any arbi t rary  
phase by the use  of a phase shifter between sections. In this way, the idea of the 
two-helix tubes evolved. 
Two-Helix Tubes 
Two-helix tubes were designed, built and tested. They allowed arbi trary operation 
of the second helix with respect to phase and amplitude of R F  drive signal and helix 
voltage. Various tubes were designed with different pitch helices in the second 
helix section. The best of these tubes gave over 40 percent beam efficiency. Mea- 
surements indicated that if a depressable collector were placed on the tube, 
efficiency of grea ter  than 50 percent could be achieved. Depressed collector 
operation was never tried. 
* This work was sponsored by the National Aeronautics and Space Administration, 
Langley Research Center, under Contract No. NAS1-3766 and NAS1-5923. 
* * This work was sponsored by the U. S. Army Electronics Command (USAECOM) 
under contracts  DA28-043 AMC-00076(E) and DA28-043 AMC-02004E. 
The Positive Step Taper 
On the USAECOM high efficiency research program, a study was being made of 
the relative phase relationship of the fundamental current  component of the electron 
beam to  the fundamental voltage component propagating on the helix. It  was 
determined that saturation occurred when a quadrature relationship existed between 
the voltage and the current.  In order  to maintain energy extraction from the beam, 
i t  was shown necessary to keep the proper phase relationship between the current  
and voltage components. However, these studies showed that under large over- 
voltage operation, the phase of the current  suddenly changed near  saturation in a 
manner that had not been noticed before. The result  was that the phase difference 
between the current  and the voltage went quickly into the wrong quadrant and the 
tube quickly passed through saturation. The hypothesis was advanced that if the 
phase velocity of the helix waves was increased before the current  phase change 
occurred that the proper phase relationship could be maintained over a longer 
period of time, allowing the extraction of more  energy and thus increasing effi- 
ciency. This idea was in direct opposition to the then current  ideas of helix 
velocity tapering which prescribed a decrease in the helix phase velocity. 
Experimental tubes were built using a discontinuous o r  llstep" increase in velocity. 
This has become known as  a lfpositive" step taper a s  opposed to the "negativeu 
taper which slows down the helix waves. Beam efficiencies of grea ter  than 40  
percent were achieved with a single helix, single voltage tube. 
Later  versions of the tube included a depressible collector and depressed efficiencies 
of 50 percent were achieved. These tubes were laboratory type tubes which were 
focused in solenoidal magnetic fields. Their frequency ranges and power levels 
were also far  from the current  requirements, but they did provide a basis for 
design scaling. 
An interesting characteristic of the positive taper which was not originally appre- 
ciated i s  i ts  effect upon small  signal gain. Large overvoltage operation suppresses 
smal l  signal gain and typically has a rapid transition from small  values of gain 
under small  signal conditions to normal values of gain at saturation. However, the 
helix section which comprises the positive step usually has a pitch which i s  close 
to the value which gives maximum small  signal gain per unit length. This shor t  
section will provide a large part of the small  signal gain of the tube and has the 
effect of bringing the small signal gain up to near normal values. In the saturation 
region, i ts  effect seems to be negligible from the gain standpoint because the 
average beam velocity in this helix section has shifted so  far  from i ts  smal l  sig- 
nal value. Thus the same value of large signal gain is obtained as  if the step were 
not there. 
Uniform Long Helix Tubes (Pa rame te r  Scaling) 
A company sponsored program was undertaken to t r y  to identify m o r e  precisely 
the parameters  which controlled high efficiency and to provide bet ter  information 
for scaling t o  other frequency and power ranges. The tube design was changed to  
allow body construction techniques m o r e  closely akin to PPM focused TWTs. The 
rat io  of the b a r r e l  inside diameter  to  the mean helix diameter  was chosen to co r -  
respond to  a typical PPM tube. Uniform helices of accurately known dimensions 
and pitch were  used s o  that scaling information would be accurate.  Tubes were  
built with the s a m e  helices throughout the ent i re  length. These were also solenoid 
focused tubes. 
As accurate  and complete electr ical  and RF measurements  a s  possible were made. 
Character is t ics  were  measured  over  a wide range of parameters  and frequencies.  
I t  was found that a beam efficiency of 4 1  percent could be achieved and that under 
depressed col lector  conditions, efficiency of 51 percent could be achieved. 
F r o m  the comparison of the resu l t s  of positive s tep  taper  helices with uniform 
helices i t  appeared that equivalent efficiencies could be achieved. The ma jo r  
difference in  the charac te r i s t ics  appears  to be in the t ransfer  character is t ic ,  
where the positive s tep taper  tube has filled in the smal l  signal gain region and 
perhaps broadened the top of the saturation region. I t  may also be that the design 
of the tapered tubes i s  l e s s  c r i t i ca l  in t e r m s  of helix length, but this remains  to 
be  proven. It  was shown that under these very high efficiency conditions, efficiency 
is a sha rp  function of frequency. 
THE WJ-448, A 50 WATT, HIGH EFFICIENCY TUBE 
The WJ-448 TWT design i s  the r e su l t  of a development program involving s ix  
tubes. The tube, which i s  PPM focused and conduction cooled, has  been designed 
to deliver 47 watts of R F  power output a t  2.250 GHz. I t  has been mechanically, 
electrically and thermally designed to meet  the requirements of launch and space  
environment. The best performance to date on this  tube type has demonstrated 
45.5 percent overall  efficiency a t  48 watts power output. The  final delivered end 
item of the program, which i s  encapsulated to meet the environmental require- 
ments, delivers 43.5 percent overall efficiency (including heater) at the 49 watt 
level. The tube has 29 dB of saturation gain. 
The Design Basis  
Large Overvoltage Operation with Positive Helix Taper 
The tube has been designed for large overvoltage operation. Early in the 
program, tubes were built with uniform pitch helices in order to establish 
basic electrical, thermal and mechanical design. Once this was accom- 
plished, a number of experiments were done with single step positive tapers .  
The ultimate design uses a single s tep positive taper. 
Use of a Svnchronous Helix Ahead of Attenuator 
If the tube i s  desngied with the same pitch in the input and output helix 
section with approximately two-thrids of the helix following the attenuator, 
the saturation gain of the tube at maximum efficiency will be approximately 
20 dB. I t  also has a characteristic of decreasing gain as  a function of 
frequency. 
To achieve the minimum saturation gain required by the specifications, the 
input helix design has been shifted to correspond to a phase velocity which 
will give approximately maximum small  signal gain per unit length a t  the 
operating helix voltage. Experiments have shown that the total saturation 
gain of the tube can be adjusted to any arbi trary value by adjusting the 
small  signal gain ahead of the attenuator. It has been determined that gain 
adjustments made in this way do not affect efficiency. 
There a r e  two side benefits from the synchronous input helix section. The 
f irs t  i s  that this section of helix has an increasing gain characteristic 
versus frequency. This just compensates for the decreasing saturation 
gain versus frequency of the output helix section and gives an overall flat 
characteristic versus frequency. Secondly, for "variable-poweru operation 
which will be described later ,  the synchronous helix section has an in- 
creasing gain characteristic with increasing beam current  and helix voltage. 
The ra te  of gain increase can be made to just match the rate of power out- 
put increase a t  optimum variable-power current  and voltage conditions. 
This allows the tube to operate at constant R F  input drive power over a wide 
range of power output conditions and leads to a simplification in variable 
power operation. 
Attenuator Design 
The attenuator design cr i te r ia  is extremely simple: design for  minimum 
length. The short  length minimizes la rge  signal effects upon the beam 
efficiency of the tube due to the beam drifting through the attenuator. Greater  
than 50 dB of attenuation i s  realizable with this attenuator length without 
using a physical sever in the helix. 
Collector Depression 
At maximum efficiency, experience has shown that the collector voltage 
will depress 0.6 to 0.7 of the helix voltage. Variations in collector design 
have shown very little effect upon this value. The collector entrance tunnel 
diameter was chosen sufficiently large s o  that no current  would be inter- 
cepted on i t  under any combination of currents  and voltages. 
Electron Beam Formation 
The electron beam i s  produced by a conventional Pierce  type convergent 
flow electron gun with an a r e a  convergence of 33. 6. At the nominal beam 
current  of 68 mA, the cathode current  density i s  155 m ~ / c r n ~ .  The cathode 
material chosen i s  an active cathode nickel. This i s  operated at a t rue  
temperature of 7 4 0 ' ~ .  To prevent foreshortening of cathode life by ion 
bombardment of the cathode, an ion block i s  built into the electron gun by 
the simple expedient of designing the gun to operate with the anode voltage 
grea ter  than helix voltage. 
P P M  Focusing 
The P P M  focusing magnet stack is composed of 43 cells of Alnico 8 mag- 
nets and eight cells of platinum-cobalt magnets. The platinum-cobalt is 
necessary to maintain the same value of peak magnetic field (850 gauss) in 
the shorter  period section at the end of the tube. The magnetization of the 
individual cel ls  of the stack a r e  programmed to maintain a uniform peak 
magnetic field over the entire length of the tube. 
Incomplete tests  tend to  indicate the focusing could be maintained with the 
longer period magnets used over the entire length of the tube. Thus, the 
Alnico 8 platinum-cobalt hybrid stack could be replaced with an all Alnico 
stack. Comparison of all details of focusing under various values of R F  
drive and helix voltage must be made before a final decision can be made 
to use only one period. This has not been done a s  of this time. 
Design and Performance Summary 
The final WJ-448 TWT design i s  the result of a development program in- 
volving six tubes. Specification performance was achieved on the third 
and fourth tubes. Tubes number 5 and 6 were an attempt to achieve higher 
operating performance and to investigate further the variable-power, high 
efficiency operating characteristics exhibited by the WJ-448 design. Tube 
number 6 included a specially designed, two anode electron gun which 
would provide an adequate ion block when the accelerating anode was op- 
erated below helix potential. 
Table VI shows a summary of the major design features and performances 
of the six tubes built during the program. 
Performance Characteristics of the Final Design 
The performance curves which a r e  shown in the following section a r e  those 
measured on WJ-448 s /N  3 and s/N 4. This helix design has produced 
the best efficiency performance of all the experimental designs constructed 
on this program. Unless stated otherwise, the data represented here  i s  
an indication of real  performance that can be achieved on a deliverable 
tube. Better  efficiency performance was realized from the tube before 
encapsulation while it could be operated under optimum focusing conditions 
on the laboratory test  stand. Under these ideal conditions, an overall 
efficiency of 45.5 percent at a power output of 48 watts was measured at a 
frequency of 2250 MHz. 
TABLE VI 
DESIGN AND PERFORMANCE SUMMARY FOR THE WJ-448 DEVELOPMENT PROGRAM 
Variable Power 
Variable Power 
'' Tubes S/N 3 and S/N 4 were used a s  the deliverable unit and backup unit for 
integration with the amplifier package. 
When high efficiency performance such as  that described in this report  i s  
measured, extreme c a r e  must be taken in the measurement procedures 
used. The RF power measurements a r e  made with a power measuring 
system which has been accurately calibrated against a calorimetric stan- 
dard. Voltages and currents  a r e  measured with precision instruments 
which a r e  directly traceable to accurate standards. 
Power Output, Saturation Gain, and Overall 
Efficiencies Versus Frequency 
Curves which show power output, saturation gain, and overall efficiency 
versus frequency a r e  plotted in Fig. 11. The optimum efficiency perform- 
ance is 42.6 percent a t  the assigned frequency. This i s  a very expanded 
scale, however, and efficiency i s  seen to vary l e s s  than 1 percentage point 
over the 100 MHz specified frequency range. 
The final unis (tube S/N 3) when completely encapsulated ready for inte- 
gration with the amplifier package, delivered 49 watts of output power 
with a saturation drive of 18, 2 dBm a t  the assigned frequency and with 
less than 112 watts of primary power required (an overall efficiency of 
43.8 percent). 
Transfer Characteristics 
The power transfer  characteris t ics  (power output versus power input) i s  
perhaps the most useful curve to the system designer. It gives the allowed 
variation of drive power to  achieve any specified range of output power 
variation. Fig. 12 shows a se t  of these curves a t  the fixed current  of 68 mA 
with R F  frequency a s  the parameter.  It  is seen that a drive power variation 
of h2.O dB gives a power output variation of less  than 0.65 dB over the 
specified frequency range. This curve has a peak-efficiency of 43. 2 percent. 
Figure 12represents data taken in the region of saturation. The transfer  
characteristic view on a wider range of input and output signal levels has 
some interesting aspects. ~ i g . 1 3  shows that the small  signal gain is 20 
dB. At about 12  dB below saturation drive, the power output s tar t s  to 
climb very steeply and increases by about 10 dB before reaching saturation. 
This very rapid r i s e  in power output is typical of large overvoltage operation. 
The smal l  signal range is of little interest to the user  who requires high 
efficiency, but i s  shown to give an overall picture of the characteristic.  
Specification 
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Fig. 11 - Power output, saturation gain, and overall efficiency vs. frequency of the 
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Fig. 13 W J  448 S / N ~  Transfer characteristics. 
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An idea of the amount of AM that would be generated a s  a function of helix 
voltage ripple can be estimated by power output variation a s  a function of 
helix voltage a t  a fixed value of RF  input power. Fig. 14 shows the trans- 
f e r  characteristic taken in the region of saturation with variations in the 
power supply voltage program a s  a parameter.  The upper curve i s  with 
all  electrode voltages varied -10.5 percent about the nominal values and 
the lower curve *l. 0 percent about the nominal values. At fixed drive at 
saturation the variation in output power i s  0 . 2  dB for a -0.5 percent change 
in supply voltages. 
Variable-Power Characteristics 
Requirements often ar ise  when it would be desirable to operate a tube at 
two o r  more  power levels at different times. A typical situation might be 
a desire to conserve primary power under average communications re-  
quirements with the capability to go to high power operation for high data 
ra te  transmission under special circumstances. High efficiency tubes have 
been typically single power level devices where the efficiency deteriorates 
at power levels away from the design value. The WJ-448 and related tubes 
exhibit an interesting characteristic which has been named "variable-power, 
high efficiency" operation. It  allows the power output of a tube to be operated 
over a s  wide a range a s  1 0  dB in some cases  while stil l  maintaining a high 
overall operating efficiency. In addition, a s  embodied in the WJ-448 i t  
operates with a fixed value of R F  drive power and requires only that the 
three principal dc voltages applied to the tube be varied. Thus, varying 
the power output of the system becomes only a matter  of programming the 
power supply voltages applied to the tube. In this type of operation, the 
tube is always working at the saturation power output and thus achieves the 
maximum efficiency possible at each power level. 
Fig. 15 shows the variable-power performance that was measured on the 
WJ-448 s/N 4.  The upper plot shows the overall efficiency that can be 
obtained a s  a function of RF  output power level. The lower plot shows the 
relationship between the total dc input power and the RF  output power. 
Diagonal lines represent lines of constant overall efficiency. From this 
plot, the system designer can determine directly the input power 
required for a given output power. Maximum efficiency on this design 
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Fig. 1 4  WJ 448 S / N ~  Transfer characteristic with variation in operating voltages. 
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Fig. 15 Variable power operation of WJ-448. R F  drive is fixed and anode, helix 
and collector voltages a r e  programmed. 
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occurs a t  the 50 watt level. It should be noted that this total power range 
(9. 5 dB variation) was obtained a t  a fixed R F  input drive level of 17.5 dBm. 
Even a t  the 1 2  watt level, the efficiency is grea ter  than 30 percent. Fig. 16 
shows the electrode voltages that a r e  required a s  a function of R F  power 
output level. Unfortunately, the voltages a r e  not proportional. However, 
power supplies have been designed, built and delivered for space system 
use by the Watkins-Johnson Space Communications Section of the Systems 
Division which a r e  programmed for two-power-level operation. 
The constant RF drive property of the tube derives from the input helix 
design. Because of the combined gain characteris t ics  of the input and 
output helix a t  the optimum conditions for variable power operation, the 
gain increases at exactly the same ra te  that the power increases. This 
property allows a constant drive level. 
Note on ~ i g . 1 6  that the anode voltage i s  grea ter  than helix voltage for al l  
output power levels grea ter  than 40 watts. This means that ion blocking 
occurs for all power levels above this value and the long life character- 
is t ics  of the cathode a r e  preserved. If the total possible variable-power 
range i s  desired, i t  is necessary to use  an electron gun with a second anode 
which is always operated a t  a fixed voltage above the helix. This anode i s  
located between the f irs t  anode (the current  controlling electrode) and the 
helix. I t  provides an ion block under all operating conditions. Such a gun 
has been built and tested on the WJ-448, and has operated successfully. 
Environmental Characteristics 
Temperature 
The internally generated specifications require that the tube meet the per- 
formance requirements over the temperature range of -20 to +95OC 
measured on the baseplate to which the tube is attached. The WJ-448 S/N 3 
exhibited an output power variation of 0.15 dB a t  a fixed input drive level 
over the required temperature range and l e s s  than 0. 7 watts variation in 
the primary power requirement. 
R F  Power Output - Watts 
Fig. 1 6  - Variable-power voltage program for anode, helix, and collector of the 
WJ-448 S/N4 as a function of RF power output. RF input to the tube is 
fixed a t  17.5 dBm a t  a frequency of 2 300 MHz. 
Environmental type testing of WJ-448 construction and design was done on 
tube s/N 1. Thermal tes ts  were done with a thermocouple mounted on the 
collector hotspot to determine the maximum temperature to which the pot- 
ting material  would be subjected. The tube was fastened to an aluminum 
baseplate and placed into a temperature chamber. Over the range from 
-20° C to +95O C the temperature drop from the baseplate to the collecting 
electrode was 35O C with the tube tested with RF drive and 61°C with no 
R F  drive. Under worst case  condition (+95O C without RF  drive) the collector 
temperature remained below a safe +155O C. 
Vibration 
Vibration tes ts  on s/N 1 were also conducted. Sinusoidal vibration tests  
were to the MSFC specification and the tube performed without difficulty 
to that requirement. Random vibration was only run to 14 g r m s  due to 
limitation of the vibration equipment. No difficulty was encountered at the 
14 g rms  level. 
Acceleration 
Acceleration tes ts  were not performed on the WJ-448 design because of 
previous tests performed on a s imilar  tube type, the WJ-395. 
The WJ-395 tube is very similar  to the WJ-448 with respect  to configuration 
design and manufacturing methods. I t  differs only in electrical design and 
length. This tube type was tested to environmental condition of tempera- 
ture, shock, vibration, and acceleration. The results  of these tes ts  a r e  
summarized in Appendix III. 
Physical Description 
A photograph of the tube is shown in Fig. 17- It  is of metal-ceramic con- 
struction. The conduction cooled collector assembly is seen a t  the right, 
the body with magnets in place for preliminary testing a t  center  and the 
electron gun is at the left. The tube capsule parts  a r e  shown in the 
background. 
A photograph of the final unit and i ts  backup unit is shown in Fig. 18. It  i s  
enclosed in an aluminum capsule. Insulation i s  obtained with vacuum potted 
silicone rubber. 
The tube weighs 2 .1  pounds. An outline drawing is  shown in Fig. 19. 
Fig. 1 7  - Photograph of a WJ-448 tube which is prepared for preliminary test.  Collector electrode is at  the left, 
electron gun at the right. The tube capsule is  shown in the background. 


MECHANICAL PACKAGING OF THE TWTA 
Enclosure 
The enclosure for the TWTA consists of a housing and a cover. The housing 
is an aluminum dip brazed design, and the lid i s  0.2" magnesium. The 
entire enclosure i s  goldplated to MIL-G-45204 Type I1 Class I. The housing 
is so layed out to allow for two discrete sections separated by a single 
interior wall. This wall supplies critical mechanical support to the housing 
and an additional mounting surface. One section is used to house the power 
conversion system and the other i s  used for the R F  section, a s  identified 
in Figure 20. 
The lid must supply both an RFI and pressure seal. This is accomplished 
by use of a special gasket which serves both purposes. The gasket i s  produced 
by Tecknit Corp. and i s  composed of a knitted SN/CU/FE wire mesh bonded 
to neoprene rubber, per MIL-S-68 55 Class 11, Grade 40. The superior 
shielding effectiveness of the SN/CE/FE mesh is shown in Figures 21 and 22 
in relation to other leading materials. 
R F  Section 
The R F  section includes the TWT, input attenuator, low pass filter, 
isolator, and associated R F  cabling, a s  identified in Figure 20. The 
input attenuator bracket is mounted on the TWT using the mounting holes 
provided with the TWT. The attenuator itself is mounted in the space provided 
in the mounting bracket. The low pass filter i s  mounted against the internal 
wall using the two mounting holes provided. The isolator i s  mounted next to 
the low pass filter along the internal wall. The isolator is countersunk into 
the baseplate 0.2 inches to minimize the height of the enclosure. It i s  
mounted to the interval wall using the four mounting holes provided. 
Power Conversion System 
The power conversion system consists of the RFI, regulator, low voltage 
converter, and high voltage converter, a s  identified in Figure 20. The dc 
input connector is an integral part of the RFI module and is a means of mounting 
the RFI along with the two mounting holes provided on i ts  mounting plate. The 
regulator, low voltage converter and high voltage converter a r e  mounted 
using the mounting holes provided along the edge of their respective heatsinks. 
Each module is  provided with four mounting holes. 
0 
i-' 
Fig. 20 - Top view of TWTA indicating major subassemblies. 
FREQUENCY 
Fig. 21 - Total shielding effectiveness vs. frequency EMI/RFI panel gasket mater- 
ials - electric field. 
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FREQUENCY 
Fig. 22 - Total shielding effectiveness vs. frequency EMI/RFI panel gasket 
materials - magnetic field. 
SECTION 111 
ACCEPTANCE TEST DISCUSSION 
Introduction 
This section discusses the acceptance test phase of the 35 watt S-band traveling-wave 
tube amplifier development program. This discussion contains a brief explanation of 
the tests  that were run on the final prototype hardware with a specific discussion 
relating to the results and conclusions in regard to the TWTA, PCS and the R F  com- 
ponents. 
Description of Tests 
The Power Conversion System was subjected to formal testing a t  the module level and 
a t  the system level. TWT S/N 3 was subjected to a formal acceptance test p e r  
WJ Dwg. No. 102079 pr ior  to installation into the prototype TWTA. The prototype 
TWTA was subjected to a formal acceptance test in its final configuration. 
Power Conversion System 
At the module level complete temperature cycle tests were performed on the regula- 
to r  and the converters. After these tests, the modules were mated together and the 
entire Power Conversion System was tested through temperature. The results of 
these tests a r e  included in Appendix III. The data indicates that the regulator has a 
minimum efficiency of 95.21% and the converters have a minimum effenciency of 
90.63%. This gives an overall Power Conversion System efficiency of 85.37% mini- 
mum from -25OC to +90°C. An efficiency summary is shown in the graph in Fig. 23. 
T raveling-wave Tube 
Traveling-wave Tube S/N 3, the tube selected to be used in the prototype TWTA, was 
subjected to a formal acceptance test. The results of this acceptance test a r e  
included in Appendix III. Extensive test data was also taken on TWT S/N 4 which was 
selected a s  the backup TWT. 
Acceptance Test 
The formal acceptance test  procedure is defined in WJ Dwg. No. 121053 titled 
"WJ-1260 Acceptance Test  Procedure. This acceptance test covered the following 
areas: primary power consumption; nominal performance; telemetry outputs; 
dimensions; weight; workmanship; time delay; input VSWR; temperature; final per- 
formance; and pressurization. A copy of this acceptance test procedure is included 
in Appendix III. 
Subassembly 
Fig.23 - TWTA Efficiency Comparison Summary 
5 6 
Results and Conclusions 
The overall results of all the testing done on the prototype TWTA was very good. The 
Power Conversion System passed all preliminary testing with excellent results as  did 
the TWT. The formal acceptance test was halted a total of three times. The first  
time a cold solder joint in one of the RF cables resulted in a condition of zero RF out- 
put power a t  -20'~. Corrective action was to replace the cable and repeat the entire 
acceptance test. The second time the test was halted because of zero RF output power 
a t  - 2 0 ' ~  and the failure was isolated to a short in the TWT from helix to case which 
occurred a t  cold temperature only, because of thermal effects. This was verified by 
confirming that the TWT S/N 3 would operate a t  OOC. Corrective action was to replace 
TWT S/N 3 with TWT S/N 4 and restart  the acceptance test from the beginning. The 
third time that the test was interrupted was at 8 5 ' ~  when the RF power output was 
recorded a s  less than 35 watts a t  drive levels of 18 and 22 dbm. A minimum reading 
of 32.8 watts was recorded a t  the edges of the 4 dbm drive range indicating an out-of- 
spec condition in relation to the design goal of 35 watts minimum. A s  the temperature 
of the TWTA was lowered to 750C the out-of-spec condition disappeared. A theoretical 
investigation was performed using the earl ier  data obtained on the PCS and the TWT. 
This analysis indicated that an increase in the insertion losses of the RF output chain 
a t  hot temperature caused a decrease in RF output power at  all RF drives and resulted 
in the out-of-spec condition. Corrective action a t  this time was none because of 
scheduling and the acceptance test was continued. A future corrective action would be 
to redesign the RF output chain to minimize insertion loss at the high temperature extreme. 
A review of the final acceptance test results, which a re  contained in Appendix 111, 
indicates that all design goals were met including weight, size and power consumption 
(135 watts maximum), except for  the area previously noted. 
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APPENDIX I 
POWER SUPPLY -- DEVELOPMENT 
Design of Regulating Converter 
A month and a half of the time period under this contract was spent in doing research  
on the different approaches that could be taken in designing a regulating converter.  
The books and art icles  listed in Table I were thoroughly screened p r io r  to making 
a final decision. The design that seemed most feasible in obtaining the regulation 
and efficiency desired was a system of power regulation by means of RC phase control. 
A system of this type was described in Item 15 of Table I. 
A block diagram of the phase control regulated power supply is shown in Figure 1 to 
indicate in a general way how regulated dc  outputs may be obtained from an unregu- 
lated dc source by generating a pa i r  of square waves and controlling their phase 
relationship. Regulation is effected directlyat the power stage by combining the 
square wave output of a pa i r  of t ransistor  converters.  The square waves a r e  dis- 
placed in phase relative to one another by a controlled amount s o  that the RMS, o r  
average, value of their  sum, is maintained constant, even though the magnitude of 
the individual voltages vary in direct  proportion to the supply voltage. An R-C net- 
work provides the necessary phase displacement a s  determined by a feedback signal. 
Figure 2 shows a functional breakdown of each of the five major subassemblies of 
the phase controlled regulated power supply. These major subassemblies a r e  the 
independent converter, follower converter, t imer, commutating circuit and 
telemetry circuitry. The independent converter consists of a fixed frequency con- 
v e r t e r  which operates a t  a frequency independent of line voltage, a low power buffer 
converter and power converter I which supplies the base drive to the phase control 
circuit in the follower converter. Besides the phase control circuit,  the follower 
converter is composed of a buffer converter, power converter I1 and the feedback 
circuit which includes the RC phase delay circuit. 
A breadboard that produced about one third of the final power was built to prove the 
feasibility of this design. During the testing of this breadboard it  was discovered 
that this design would operate much more  efficiently if i t  ran  a t  a fixed frequency. 
The design arrived a t  was that of a standard converter in which the switching ra te  
is controlled by an  R-C network. Consequently the dependence of frequency on input 
voltage is eliminated. When installed into the system, this fixed frequency con- 
ve r t e r  produced a very interesting result. Without a feedback circuit but with the 
low end of the high voltage output tied to the minus of the input voltage, a self imposed 
regulation was found. The cause of this was the fact that a s  the input voltage 
increased and the frequency remained constant the amount of phase shift increased 
also, causing the output voltage to stay nearly constant. The results  of further  test- 
ing showed that for  an output of 563 volts regulation was + 10 volts with a load of 
10K ohms and efficiencies ranging from 89% a t  low line to 82% a t  high line. 
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10 August 1965. 
14. . Honeywell, Inc. , "4th Quarterly Progress Reportft, U. S. Army Electronics 
Command, Fort Monmouth, New Jersey 
15. F. V. Kadri, "Control of Frequency and Phase Displacement in Transistor 
Converter Circuits by Means of R-C Networks," 
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INDEPENDENT CONVERTER i--- 1 
Fig. 2 - Block diagram of Phase Controlled Regulating Converter 
After installation of a feedback circuit, regulation was brought down to 2 7 volts and 
efficiencies dropped to 86% a t  low line and 78% a t  high line, a s  reflected by the data 
in Table 11. 
TABLE Kt 
EFFICIENCY DATA ON LOW POWER BREADBOARD 
Input Input Input Output Output Output 
Voltage Current Power Voltage Current Power E ff 
(v 01 ts) (amps) (watts) (volts) (amps) (watts) (%) 
Design of the Fixed Frequency Independent Converter 
Figure 3 shows the schematic diagram and the equivalent circuit of the Fixed 
Frequency Independent Converter. By applying Kirchboff's voltage law to the equiva- 
lent circuit in Figure 3, the equation for current is found to be . 
where 
The potential P a t  the base of Q relative to the potential P a t  the base of Q is b l  1 b2 2 
The voltage a t  the base  of Q is held constant a t  a potential slightly negative with 1 
respect to the emitter while Q conducts. When the base voltage P reduces to 1 b2 
this same value, Q will conduct. Therefore, by setting P = P in equation 3, 2 b2 b l  
substituting in the value of ic from equation I ,  and calling the time for  the half 
cycle ~ / 2 ,  the period T is determined. Its value is 
T = 2Ra C In - E 
Va 
Vco= Initial Charge 
Ra PBI V B ~  
n rn on Cap 
Fig. 3 - Schematic diagram and equivalent circuit of the fixed frequency independent 
converter. 
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Design of Follower Converter and the Phase Delay Circuit 
Figure 4 is a schematic of the phase controlled regulating converter.  To simplify 
the circuit further,  Figure 5 shows just the follower converter and the circuit that 
couples i t  to the independent converter. 
In the circuit in Figure 5, in which Q4 is shown conducting, the base-drive voltages 
a r e  indicated a s  Vj,3 and Vb4, and the instantaneous potentials a t  the bases of Q3 and 
Q4 a r e  designated a s  Pbg and Pb4 respectively. During the period of phase delay 
an  exponentially decaying current  ic circulates around the outside of the loop causing 
the potential Pb3 at the base of Q3 to be positive relative to Pb4 a t  the base of Q4. 
Q4 will continue conducting, independent of the signal voltage Va from winding Na on 
transformer T i ,  until ic decays such that Pb3 is negative relative to Pb4. 
A relationship between the phase delay and the circuit parameters  can be obtained. 
The expression fo r  ic in Figure 5 is 
where 
JR, = Rf + Q5 (in shunt with Rf) (3) 
The potential a t  the base of Q3, relative to the potential a t  the base of Q4, is 
The length of time required f o r  the base of Q3 to reach the s a m e  potential, measured 
from the instance the independent converter goes positive, is the phase delay of the 
follower converter. 
By setting Pb3 = Pb4, putting in the value of ic from equation (1) and solving for  t .  
where t is then T the time delay 


MaJ o r  Problem A reas  
From this initial low power breadboard the final design shown in the schematic in 
Figure 4 was arr ived at. A full power final breadboard was then assembled. A number 
of problems arose  during assembly and initial testing of the final breadboard. The 
following l is t  elaborates on each problem starting with the most difficult. 
1. The design of the transformers for  power converters I and II was the greatest  
problem. The three cri t ical  parameters  that most  influenced the design were  preven- 
tion of internal electrical breakdown, minimization of coupling capacitance, and mini- 
mization of the size.  The f i rs t  approach to the problem was a winding technique 
which involved installation of the primary winding, segmenting the co re  and then 
putting on the secondary winding. This proved unsatisfactory because of the s i ze  
and the primary to  secondary breakdown. This approach did minimize the coupling 
capacitance f a r  bet ter  than any other approach tried. 
The second approach was a continuous winding technique used on the secondary. This 
proved disastrous because of the large coupling capacitance produced. 
A number of other approaches were tried and none proved overly successful. The 
final approach settled on used a torroidal core  of Supermaloy which was divided into 
three segments af ter  the primary winding was installed. The secondary was wound 
on in three continuous segments. This design met  a l l  three requirements and seemed 
like the answer to our problems until we mated the independent converter and the 
follower converter and closed the feedback loop. At this time we found that the trans- 
formers  could not support the primary to secondary voltage produced when the two 
high power transformers were hooked up in parallel. Another redesign was imple- 
mented a t  this time to build up the primary to secondary insulation. 
2. The commutating circuitry has also presented some severe  problems. At the higher 
voltage level coupling capacitance has increased and the commutating of this higher 
voltage put severe  strains on the commutating choke. A choke with low coupling 
capacitance was designed, but i t  is very large and inefficient. It i s  believed that 
this commutating circuit was not a s  good a s  the one used on the low power bread- 
board the inherent regulation found in the low power breadboard was not present  in 
the high power breadboard. 
3. Loss of the built in regulation due to the increase in coupling capacitance necessitated 
the complete redesign of the feedback circuit. The new design presented many 
problems in the a r e a  of power consumption and regulation. 
Watkins-Johnson engineering thoroughly reviewed these problems and af ter  correspon- 
dence with MSFC engineers decided that the regulated converter approach could not be  
accomplished on schedule with existing funds with a high degree of assurance. Therefore, 
Watkins-Johnson engineering and MSFC engineering deemed it  necessary to  halt work on 
the regulated converter and proceed along the lines of a conventional power supply, i. e . ,  
a pre-regulated supply with two converters. 
APPENDIX I1 
ENVIRONMENTAL TESTS RESULTS FOR THE WJ-395 
TABLE I 
TEMPERATURE TEST OF WJ-395 SIN 10 ENCAPSULATED TUBE 
COLL. 
ELAPSED BASEPLATE HOTSPOT RF POWER RF POWER 
TIME TEMP TEMP & INPUT OUTPUT AP0lJ~ - ' H  
OC OC OC d B m  dBm dB mA 
1 HR - 30' -30' (COLD SOAK, NON-OPERATING) 
0 - 18' -- - - -- 14.3 50.10 0 16.8 
6 MIN lo --- --- 14.3 50.10 0 15. 0 
18.5 M I N  35' 54' 19' 14.3 50. 10 0 13.0 
38.0 MIN 69.5' 97O 27.5' 14.3 50.05 -. 05 12.0 
48.0 M l N  80' 108' 28' 14.3 50.05 -. 05 12.2 
56 M I N  90 -- - --- 14.3 50. M3 -. 10 12.5 
WATER COOLING ON 
68 MIN 86' 116' 30' 14.3 50. 00 -. 10 12.5 
RF TURNED OFF 
1 H R  20 M I N  76' 152' 76' 0 0 ---  1. 1 
OPERATING COND ITIONS: 
VH = 2575 V FREQ. = 2.25 GHz 
l o  = 120 mA 
VcoLL = 2150 V 
TABLE I1 
V I B R A T I O N  TESTS OF WJ-395 S I N  10 ENCAPSULATED TUBE 
A. NOISE, 0.2 g2/cps FROM 300 TO 1000 cps WITH A 6 d B  PER OCTAVE ROLL-OFF FROM 
1000 TO 2000 cps, A 3 dB PER OCTAVE ROLL-OFF FROM 300 C ~ S  TO 20 cps, AND A 
24 dB PER OCTAVE ROLL-OFF BELOW 30 AND ABOVE ZOO0 C ~ S .  
TESTED: 3 MINUTES I N  EACH OF 3 P R I N C I P A L  PLANES. 
RESULTS: SPUR IOUS PM< 0.8' THESE VALUES ARE 
SPURIOUS A M <  0.1 d B  NO I SE LEVEL OF 
MEASUR ING SYSTEM 
t-4 B. W H I T E G A U S S I A N  NOISE, 5 . 0 g  r m s ,  BAND L IMITED BETWEEN 1 5 A N D  2000cps  PLUS 
A 2.0 g rms S INUSO I D SUPER IN,POSED ON THE NO l SE BETWEEN 15 AND 40 cps. 
C. WHITE GAUSS I A N  NOISE, 5.0 g rms ,  BAND L IMITED BETWEEN 15 AND 2000 cps PLUS 
A 9.0 g rrns S INUSOID SUPER IMPOSED O N  THE NOISE BETWEEN 40 AND 2000 cps. 
TESTED: S INUSO I D  SWEPT FROM 15 TO 2000 C ~ S  AND BACK TO 15 cps IN A TOTAL 
T IME OF 10 MINUTES AT A RATE INCREAS ING DIRECTLY WITH FREQUENCY 
I N  EACH OF 3 PR I N C I P A L  PLANES. 
RESULTS: SPUR IOUS PM< 0.8' 
SPURIOUS A M <  0.1 dB 
TABLE 111 
SHOCK AND ACCELERATION TESTS OF WJ-395 S IN  10 
SHOCK 
A. 5 200 g, 0.7 + 0.2 M I L L 1  SECOND R l SE TIME TERMINAL PEAK SAWTOOTH SHOCKS IN 
EACH OF 3 ORTHOGONAL D I RECT IONS. 
TESTED: 5 200 g, 2.5 MILLISECOND (t AMPLITUDE) DURATION, HALF S INE-WAVE 
SHOCKS I N  X, Y, AND Z DIRECTIONS. THE TEST EQU l PMENT WAS UNABLE 
TO REALIZE THE SPEC. WAVEFORMS. 
OPERATING TESTS COULD NOT BE PERFORMED DURING SHOCK. HEATER 
W A S  OPERATED AND TUBE TESTED AFTER EACH GROUP OF 5 SHOCKS. 
RESULTS: NO OBSERVABLE CHANGE I N  G A l N  OR POWER OUTPUT. 
STAT I C ACCELERAT I ON 
A. ACCELERATION OF k 14 g ' s  I N  THREE ORTHOGONAL D l RECT IONS FOR 5 M INUTES EACH. 
TESTED: 13.9 g FOR 5 MINUTES IN X, Y, AND Z DIRECTION. OPERATING TESTS 
COULD NOT BE PERFORMED DURING ACCELERATION. HEATER VOLTAGE WAS 
APPL IED. 
RESULTS: NO OBSERVABLE CHANGE I N  G A l N  OR POWER OUTPUT. 
APPENDM 111 
GLOSSARY 
PARAMETER SYMBOL 
Regulator Input Voltage 
Regulator Input Current 
Regulator Input Power 
Regulator Output Voltage 
Regulator Output Current  
Regulator Output Power 
Battery Voltage (A three volt battery is used to supply the 
bias f o r  the regulator when it  is tested without the 
high voltage converter) 
Battery Current 
Battery Power 
Total Regulator Input Power 
Timer  
Regulator Output Voltage Ripple 
Regulation Efficiency 
Regulator Output Voltage during Timing Cycle 
Regulator Output Current  during Timing Cycle 
Regulator Output Power during Timing Cycle 
Temperature 
Converter Input Voltage 
Converter Input Current 
Converter Input Power 
Temperature Telemetry Output 
Helix Telemetry Output 
Cathode Telemetry Output 
High Voltage Control 
Anode Voltage 
Anode Current 
Anode Power 
Ib 
Pb 
R P ~ i n  
t 
R V ~  
RpOut/RPTin = EFFR 
RVt out 
R1t out 
RPt out 
T 
'in 
in 
"in 
Tv 
I H  
I c 
HVC 
Va 
'a 
'a 
PARAMETER 
Helix Voltage 
Helix Current 
Helix Power 
Collector Voltage 
Collector Current 
Collector Power 
Filament Voltage 
Filament Power, 
Converter Feedback Voltage 
Converter Feedback Current 
Converter Feedback Power 
Total Converter Output Power 
Converter Efficiency 
Helix Voltage Ripple (Peak to Peak) 
PCS Input Voltage 
PCS Input Current 
PCS Input Power 
Total PCS Power Output (Pa + PH + PC + PF) 
Efficiency 
SYMBOL 
v~ 
I H  
P~ 
vc  
I c  
v~ 
CVbb 
bb 
CPbb 
C P ~  out 
CPT out/CPin = EFFC 
v~ 
'in 
I in 
'in 
'T out 
PT outl'in = E~~ 
Load Regulation < 1% 
Line Regulation < 0.2% 
Output Impedance < .005 OHMS 
5.35 4.05 
128.40 129.6 
REGULATOR TEST DATA 
vb 
Ib 
Pb 
RVout 
I-X1 out 
RPout 
R P ~ i n  
EFFR 
t 
R v ~  
RVt out 
la t out 
RPt out 
Lab Set Resistors 
R -  12 6.19K OHMS 
R -  8 10K OHMS 
R - 9  470K OHMS 
Volts 
Amps 
Watts 
Volts 
Amps 
Watts 
Watts 
% 
SECS 
Millivolts 
Volts 
Amps 
Watts 
2.82 2.82 
0.267 0.202 
0.753 0.569 
22.06 22.09 
5.6 5.6 
123.54 123.7 
129.153 130.169 
96.21 95.44 
128 
20 10 
22.26 22.14 
0.190 0.190 
4.22 4.20 
2. 81 2.81 
0.237 0.182 
0.666 0.511 
22.14 22.16 
5.6 5.6 
123.98 124.10 
130.266 130.111 
95.66 95.75 
12 8 
20 15 
22.30 22.20 
0.190 0.190 
4.23 4.22 
2. 76 2.80 
0.296 0.220 
0.817 0.616 
22.00 22.04 
5.6 5.6 
123.2 123.4 
128.017 130.216 
96.85 95.21 
120 
30 15 
22.20 22.10 
0.190 0.190 
4.22 4.20 
PCS TEST DATA 
Power  Consumption Light Load i- 90°C 8.96 Watts 
Hel ix  Impedance 1563 OHMS 
Pin 
Tv 
IH 
I c 
HVC 
t 
va 
I a  
Pa 
v~ 
I H  
PH 
vc 
I c 
Pc 
F 
P~ 
P~ out 
E F F  
v~ 
Watts  
Vol ts  
Volts 
Volts 
Status 
S e c  
Volts 
Mil l iamps 
Watts  
Vol ts  
Mil l iamps 
Watts 
Volts 
Amps  
Watts  
Volts 
Watts  
Watts 
% 
Volts 
120.0 121.6 
2.42 
4 .3  
3.05 
OK 
124 
127.3 127.3 
0.36 0.36 
0.866 0.866 
2278 2280 
5. 1 5 . 1  
11.62 11.63 
1506 1506 
59.5 59.5 
89.61 89.61 
4.05 4.05 
3 .28  3.28 
105.376 105.386 
87.81 86.66 
0.5 0 . 5  
120.0 121.6 
0 .8  
4 .0  
3.0 
OK 
140 
126.2 126.4 
0.36 0.36 
0.869 0.869 
2288 2290 
5 . 1  5 .1  
11.67 11.68 
1513 1514 
59.5 59.5 
90.02 90.08 
4 . 1  4 .1  
3.36 3.36 
105.92 105.989 
88.26 87.16 
0 .5  0 . 5  
120.0 121.5 
4 .34  
4.36 
3.06 
OK 
124 
117.2 117.2 
0 .36  0.36 
0.837 0.858 
2264 2266 
5.05 5.05 
11.43 11 .44  
1496 1497 
59.0 59.0 
88.26 88.32 
4.0 4 .0  
3.2 3 .2  
103.75 103.818 
86.45 85.37 
1.0 0.6 
CONVERTER TEST DATA 
* Load on the filament is 5 OHMS. 
ACCPTANCE TEST PROCEDURE 
" I ,  -9-3 
b e 0  SCOPE 
%,I s dacm@wt dtiPnss  the Aeeaptanca Tect 
urs f s ~  %he WJ-448 tnrawcling-wave tuba. 
1.2 mi@ doewent  %a ineended as a supplement 
it "An, Smpd of Work, NASA Contract NAS8-20787 
with r@sp&ot ta rea@p%anc@ t e a t  ~@quioements  and 
methods, providing further definition there to .  
2,0  APPLICABLE D O C U E I W S  
2.1 me P o l l w i n  doaunrnt~ and d~avings of t h e  l a t e s t  
'f ireus, cons* rut@ p g ~ t  OI t h i ~  s p s c i f f o a t i a n .  
a9 Exhibit "An, Suopa of Work, NASA Contreet 
NAS8-20787 e 
b) MIL-I-6181D, Interference  Control Requirements, 
Airaraft Fquipsnt . 
~9 W ZOOS96 Worhanship Standarde 
2.1.2 
a) 290193,  Outline T W  WJ-408 
General 
3 e l e f ,  t The WJ-448 i a  a long l i f e ,  high 
gpm foeused .travaling-wave tube. 
3.1.2 The trnvtsling-wave tube is,ussd 
a1 cbanpanant of the  WJ-(TBD) 
3.2.1 RF mivet 22dBa raaxhu8a 
3,2,2 Tha priarary power shall be 115 
ndsr all anv iromenta l  cond i t ions ,  
slhsr e e p a ~ a t e l y  or any combination thereof. 
3 , 2 , 3  a The required voltages (8-ee- 
dividual TWT) for ~ a P e d  pobrer 
au$put will B e  within the following range:  
a) Anode 2 3 8 0 - 2 4 6 9  Vde 
B) Helix 2 2 4 0 - 2 3 2 0  Vdc 
A l l  dc voltages are measured with respect to 
the cathode, 
: The anode will be 
(minimum) with 
r&spect to the h e l i x ,  
3.2.5 All rsquirewents will be met, 
Ily nseed, wit he foll~wing 
steady r~teitto voltage devisnti.one; f the specified 
value for each individual TWT. -All dc voltages 
are m e a ~ u ~ a d  w i t h  resgeet to the cathode. 
3 * 2 e h . %  : With thr voltage on 
8 h e l d  eonetant, the 
oolleetor voltage may be decreased by 
30 volts, 
3.2.5.2 : The h e a t e r  voltage may 
10 volts, The power outptit  
and primarF powers( input ~ s q u i r e m s n t s  need 
not be% met .  
3 . 2 , 6 . 3  The anode and 
9cd plue and minus 
four percent ( +  4%) without dmage to t h e  
TWT, ?*he elocy~ical perfomance charac- 
teristic~ (paragraph 3 , 4 )  need not be mat. 
3.2,6 Durim the turn-on sequence, 90 
, Heater warn-up shall be provided 
prior to appliaation of f u l l  high voltages, 
n TAe heater current shall 
during the warm-up sequence. 
psdanea of the heater supply 
shall be (TBB) ahma maxhua, 
3,2,6.2 The maximm high  voltage 
a WT, d u r i n g  the warm-up 
- - 
sequence, s h a l l  be-fifteen percent  (15%) 
o f  t h e  s p e c i f i e d  v a l u e .  
3 , 2 , 6 , 3  : The minimum c o l d  
under  room ambient  
c o n d i t i o n s  s h a l l  be (TBD) ohms ( r e s i s t i v e ) .  
3 , 2 . 7  a With the RF d r i v e  v a r i e d  
above the l e v e l  required 
for  8 a t u r s t e d . p o w e r  output, t h e  TWT currents w i l l  
be w i t h i n  t h e  f o l l o w i n g  ranges: 
a) Anode 0 - 2 .0  mA 
b) Helix c . 5  - 1 0 . 0 .  mA 
a )  C o l l e c t o r  56 - 7 5 . 0  mA 
d )  Heater 0.5 - 0.9 A 
3 . 2 . 8  Nominal Current.: With the RF d r i v e  ad justed  f o r  
u t p u t ,  t h e  nominal  TWT currents 
will bar 
a) Anode ' 
b) Helix 
3.3 Mechanica l  C h a r a c t a r i a t i c 8  
r Tfie TWT o u t l i n e  and mounting holee s h a l l  
the l a t e s t  i a e u e  of Drawing #290193, 
WJ-446, The o u t l i n e  shown i n  Figure 1, 
is for reference only. 
3 . 3 . 3  t Coal ing  shall be by thermal  r a d j a t i c n  
d u c t i o n  th rough  m e t a l l i c  h e a t  s i n k s  to t S e  
mounting p l a t e  (mounting p l a t e  i s  n o t  p a ~ t  s f  t h e  
TFlT) . 
3 . 3 . 4  0rien"tationr 'FRe TWT s h a l l  b e  c a p a b l e  o f  op~rating 
i o n ,  

b) Tube @laments g twriw inuh f l y i n g  lead@ 
3,4,2 r 115 watt@, maximum 
3,4.3 r 42 watts (46,2 dBm), minimum 
3.4.4 r 19.5 dRm, maximum 
a) No d r i v e  - N o i ~ e  Fowar Output: -47 dBaa/MHz, 
~ ~ x i m m ,  over the frequenay range of 2.0 - 3 . 5  
GWz (pare. 4, 3,3,1 MIL-I-6181D) 
b) Saturation Drive - 8puriaus Responses: -37 d h ,  
maximum, a v w  the f ~ e q u e n e y  .range of 2.0 .- 3.5 
OH% (para. 4.3.3.2 MIL-I-6181D) 
e) Saturation dr ive  - Noiss Power OutpQt: - 3 5  dBm/MHz, 
maxfmum, over the frequency range of 2104 f 5 MHz, 
A 1 1  parfomanae ohar.atsriatic8 
llowfng the following anviromentet 
8 
3,502 : h b i s n t  prasoura is nominal atmorpharic 
e 
4.0 QUALITY ASSURMCE PROVISIONS 
Each TWT &ha21 be measured far aaniamancs to Outline 
Drawings 290193. Eash TWT shrl l  be v9eua19y inspected 
for emplianc. with W-d Warbanship Strndarde, 
Document l o o  SSB . 
4 *  2.1 A r e p r e s e n t a t i v e  o f  Watk ins-  
s s u r a n c e  w i l l  r e v i e w  a l l  t e s t  
p r o c e d u r e s  f o r  adequacy  and  c o m p l e t e n e s s ,  and 
w i l l  m o n i t o r ,  a n d / o r  r e v i e w  t e s t  d a t a  t o  i n s u r e  
c o m p l i a n c e  t h e r e i n ,  
4.2.2 T e s t  Da ta :  A l l  t e s t  d a t a  w i l l  b e  r e c o r d e d  on a n  
appropriate d a t a  s h e e t .  Any f a i l u r e ,  m a l f u n c t i o n  
o r  o u t - o f - t o l e r a n c e  p e r f o r m a n c e  w i t h  t h e  c o r r e c t i v e  
a c t i o n  t a k e n  w i l l  be r e c o r d e d  on  t h e  " T e s t  H i s t o r y  
Log", 
4.2.3 T e s $  C o n d i t i o n s  
4 .2 .3  . l ~ n v i r o n m e h t a l  C o n d i t i o n s :  U n l e s s  o t h e r w i s e  s p e c i f i e d ,  
e d  a t  a m b i e n t  c o n d i t i o n s ,  
i , e , ,  a t  a t e m p e r a t u r e  o f  be tween  +15,6OC and  3S°C, 
a h n o s p h e r i c  p r e s s u r e  o f  be tween  712 nm and  812 mm o f  
Hg and r e l a t i v e  h m i d i t y  of n o t  more t h a n  9 0  %.  
4.2.3.2The a c c u r a c y  o f  t h e  t e s t  equ ipmen t  shall b e  v e r i f i e d  
by c a l i b r a t i o n  as s p e c i f i e d  by t h e  Watk ins-Johnson  
P r a c t i c e s  and P r o c e d u r e s  Q u a l i t y  A s s u r a n c e  Manual 
APP No. 7-1, 
: If f a i l u r e ,  m a l f u n c t i o n  o r  
fo rmance  d e g r a d a t i o n  o c c u r s  
d u r i n g  o r  a f t e r  a t e s t ,  t h e  t e s t  s h a l l  b e  d i s -  
c o n t i n u e d  and t h e  d e f i c i e n c y  c o r r e c t e d  p r i o r  t o  
c o n t i n u a t i o n  o f  t h e  t e s t  s e q u e n c e ,  If the 
c o r ~ e c t i v e  a c t i o n  s u b s t a n t i a l l y  ~ f f e c t e  t h e  
r e s u l t s  of p r e v i o u s l y  c o m p l e t e d  t e s t s ,  t h e s e  
t e s t s  s h a l l  be  r e p e a t e d .  
4 . 3  C l a s s i f i c a t i o n  of T e e t s t  A l l  t e s t i n g  t o  i n s u r e  con fo rmance  
ill be c l a s s i f i e d  as a c c e p t a n c e  t e s t ,  

r Prior to b e g i n n i n g  the 
%1ow%ng w 9 9 1  have been 
a)  me travslim-wave tube will have accumulated 
no lesa than 100 hours running time under 
wtura ted  drive, 
b )  The traveling-wave tube conditions will have 
been astabliahad, $ , a ,  t a e  sn~apsulated~ 
dc lsada p a t t e d .  cap@uie p i @ t e d ,  and the 
wrr.(l$ng potentials swef f l e d ,  
The acceptance $ s e t  shall be 
ceordanae with t h e  sequenoe as 
a) RF Frequency 
b) WF Dn?iv.cs 
C )  Vblf~g(9.~ 
s With t h e  W T  con- 
t h e  t a e t  set-up shown 
3 ,  meaeura and record 
and drive  lavele; and calculate 
the mwer consumption far t h e  
foIlowgp.~j sanditfons at each 
brequenoyr 
a ,  Ha drive 
h. Gaturatiaa 
c .  2 2dS Pranr saturation 

a) PF Frequaney 
PP) RF Dvive 
c?) Voldagae31 
(axeapt  collector) 
., a) RF %r(r~qu(indy 
b)l RP Dpfve 
a )  t la l tqae 
"4*4.3.&.%.% 
a )  R6 Frequency 2250 MHz 
b )  RF Drive As Specified 
C )  Vbfg8ge8 As S p e c i f i e d  
rS,rU,d.*&,kB% With the T W  connected to 
,. 
t 3 ,  in F ~ J ; z u P " ~  5 ,, 
;baM woiao at the 
- f~ceqneMXe?ra 2 '0, 2.1, and 
;9,2 QHsZ#@ f&11~ljra: 
' 4 t 
I 
- %&-r v.r frequcncy d e s i r e d  
.aw PB@o&&w'%v&(P P ~ ~ Q F ~ ~ C B  l ivcsl .  
b) Accurably kn@ rewivsr Lo the observed ~ ~ p u r i m s  signal; 
reaord rwefve~ refemnse level. 
e) &move dx.Ove md m& ml- from W T .  
d) %uea smd -8raerabr $a sc~ctsiver frctquencry, md increme 
ei@ to reskrrsnoe leval. Racord 8 
In mm. 
e) The Ievd of lapnrioust Irokerent rim , 4 
caloulrwd m follaws: 
a r b  
S = Spuriow lave1 in dElm 
S = Si@ merator level re61$ h B ~ B P  (d) 
T b  'FMIT o M l  be vibr 
@man@ lirrrkd below: 
Tbs TWT r M  b vibratsd in each of 
er:  Ths ainusrbidal arrMDn shall be 
applird hram the lower &wuenay litsplt t6 t b  u m r  frqusnay 
ltmit tb t h e  fnHfvrl lLbd in (a) h v e  
RF Frwant%g 225r) MHz 
hfllelsnl La sakrrb 
h f~wemd 
r),t),4:8 w n  cmplcation of the 
, * c  garmstrrr w listed in 
F ~ M  2 b ~raw~wssrd m8 ed. 
e~kture a h a l l  ba stabilized 
a@ sgaaSCb& harafn. 
and roco~td 
, I a &$v@ level and 
&GT]LL~%v ~ Q F  con- 
:?' >*#$ :, .* 
. , 
BI  bw-TmpWtu~~d  Turn-On, -ZOQC. With 
the haat s i n k  gbate at -20°C in the 
mn-qsgmtSng mods as astabliiahcad in 
p ~ ~ r a *  Ltc@,502 {b) and a f t e r  
lat&bClizatLon, $ha f a l l w i n g  turn-on 
rrguaae rh.11 be followedr 
(Z) ApgTy high -atwe with the exaeption 
of %he rmMe uoltage. Apply full 
hea%.r p t r n e h %  and mahually adjust 
aae racfoni~ed tcea ~ahntaprin Itnsete~ 
voltwe @@natant during warn-up, 
{XZ) A l l w  80 secande worn-up t h e ,  then 
rpply rnods v s l t a g ~  %he TWT, 
aura and rward msr output and 
Zx ctumsnl rt Qu~..cm. Neat sink 
tWpraQurr shear5B be arintained 
2aeCB A l X W  10 miquees aftap 
+a ar hsq% @ink rr*rbll'liixation; 
n d i u m  and rcloow gmmelare as 
rrrwtjji5il.d 9n@wwrcrlpb rt . lr .S.1 ( c ) ,  
2S°C, With Lhe tube heat 
- ,  
+raWr@ stabilirad st 
. , and '~@asrd papmetere 
. I ~ f # 5 % d  fn  paramph 4.Y.6.1 (01.  
V ~ J I I ~ . ~  - 4; w .  1 :.kt J1 * -  ' . . ,  *# " ~&sratus@, +86@C. With th. tube heat 
' citar)a M p e ~ a t u ~ ~ ~  otibftiaad at +3g0&, 
+orq and rs ses~d  p ~ d l ~ ~ c r t d r r ,  specif ied 
leta'm;'w~~ph 4 e a e , l Z o l  <@I. 
fl Ym mel( * 2 S e C a  WZth *ha, t u r  heat 
h &$UP@ @t(ltbJllfl~dd a d  +2's0cs 
a rtiW rsocrd rrasneters rp@aiffed 
in 4.Q.s.P ( c ) .  
4.Q.8 r Rsgae a l l  tests spec i f i ed  
3 and thr rubparwrspb@ 
4.Q.7 Maaaniaal lntegr90yt Xnspsct the followins 
d t e ~ r  and rsesfd any a b n o x s n a l i t i ~ ~  m d  the 
ctivs aaffan t h e ~ e f o .  
ELECTRON DEVICES. ELECT60NIC SYSTEMS I 1 4  







TRAVE~' ING WAVE TUBE 
DATA SHEET SERIAL NO 3 
R c ~ p c n s i t j l e  T e s t  T e c h n i c  r i i c  
' - a t e  
Tes t  Enr! i : :cer  
~ Q -1 ', :. - 14 
$f3> , 3 ,  , . 
Rece ived  B y :  :.$ate: 

1.'. i TRAVELING W A V E  TUBE MODEL NO ----.--., ~1 a LEIS-. '  -- 
DATA SHEET S E R I A L N O  " 


DATA SHEET 
r ,  1 rave;  irlg-',.;'ave 'J's.~:-e * . p  1 ~?'.:t : 34 < : l t n c e s ( 2 . 1  lbs) 
- 
i;.,?i.: . S . i t i : i t . ,  3.5 pounds, maximum) 
! 
.c___IL. 
1. , r * a c c r , . t a n i ~  ~ p s t  ---- J I C C : ~  - @' 
i : ~ ~ ; ? e i . t o r :  
---.------. --- - ---- - . 
i't.t? 
--dI_~--._I--.--Cq.c 
--....- 
i 11$13?(: t o r  : 
--- 
. ' a l e :  -- , <: z-. !) ? -.-.-.. .- -. .-.- -.. , 
* 
RF F r e q u e n c y :  2250 MHZ 1 5 . 5  d B m  Maximum 
2380-2460 Vdc; 0-2.0 mA 
RF D r i v e :  S u f f i - c i e n t  t o  2240-2320 Vdc;0.5-1.9 . 0 q A  
s a t u r a t e  tube:: C o l l e c t o r : 1 4 9 3 - 1 5 7 0  Vdc; 56-75.0~tl 
F i l a m e n t :  3 .25-4 .25  Vac;0.5-0.9 n A  
C o l d  ! ! e a t e r  I m p e d a n c e :  0 . 9 8  
.---- 
) e c i F i . e d  h F  D r i v e  
f o r  S a t u r a t i o n  * 
19.9 = 18.0 . 
.- 
6 The s p e c i f i e d  s a t u r a t i o n  d r i v e  l e v e l  i s  d e f i n e d  as t h a t  
l e v e l  w h i c h  when a d j u s t e d  t o  + 2.0 dB a b o u t  t h e  s p e c i f i e d  
v a l u e  w i l l  g i v e  t h e  same poweF o u t p u t  r e a d i n g s .  
TRAVELING W A V E  TUBE 
~ ~ f ~ ~ ~ ~ ~ I C A r ~ I O ! !  LIPiI? '  
--,---- ---.-. " .- ....l.r.l. __... ILL-^-.-..--...----..---.-. . .. 
RF F r e q u e n c y :  As s p e c i f i e d  R I '  Power G u t p u t :  4 2 . 3 ~  ( 4 6 . 2  d B m )  
niniilurr,  
RF D r i v e :  Saturation P e r  3s-6 
Saturation 
-.---I- 
MODEL NO TRAVELING WAVE TUBE 
DATA SHEET 
SPLCIFICATIOIJ  L I ? ; I T  
__" .._-4-.IIY I I..I-_tl----.-.. ^I--.- .--.----- . 
RF F r e q u e n c y :  As s p e c i f i e u  RT F o w e r  O u t p u t :  42..3w ( 4 6 . 2  d R m )  
rnininilri 
KF Drive: Saturation P e r  3s-6 
v 
D P I V E  (dBm) 
S a t u r a t i  c,n 
* See d p p r o p r i a t e  c a l i b r a t i o n  s h e e t  f o r  c o n v e r s i o n  from nonitor 
power  to t r u e  power ,  . . 
SPECLFICA'2ION LIMIT 
___ .._. .-.-- --l".-.-..-ll-.--------.-. . -. 
RF Freq t l cncy :  As s p e c i f i e d  RI' P o w e r  C u t p u t :  42..Clw ( 4 6 . 2  d B m )  
KF D r i v e :  S a , t u r a t i o n  Per 9s-6 
---.- 
CURRENTS (mA 
D P I V E  (dBm) 
Saturation 
-Aep---- 
Above Sat,  
- .... --- ..-....----. 
See a p p r o p r i a t e  c a l i b r a t i o n  -sheet f o r  c o n v e r s i o n  from moni . to r  , 
power t o  t r u e  power. ' 
gLe:"a(rk : @.r 
~ 
C O N D I T I O N S  
.------.-- 
SPCCIFICATION 
+.---,.------ ...-. -* .-.--. ..--.. . -.- - ..--- ...-- .--- 
Calculation 115 w a t t s  r;, ixaxil;ium 
D R I V E  LEVEL 
COLLECTOR 
SFCCIFTCATIQN 
C a l c u l a t i o n  115 watts, m a x i m u m  
. ' . . . . -."- ... .,Y'_* . .  -.. .s_- _C-. . . ... - .....*-LII11.-- 
COLLECTSF 
TRAVELING W A V E  TUBE 
DATA SWEET 
T C O N D I T I O N S  S P i ~ Z I Y T C A T I O N  
--- 
___I_-_I-__-C__C-.--"---41 ---I--..---- 
C a l c u l a t i o n  115 w a t t s ,  maximum 
D R I V E  LEVEL 
' COLLECTOR 
TFtAVf LING' W V E  TUBE 
R F  Drive  : 190 5 dBm, Maximum 
, 
Power  Output 
... 
Collector- 
TRAVELING WAVE TUBE 
DATA SHEET 
Rf; I : rq , . l c i . ; cy :  ,:.:; s;.:+.. ',fit.'-, 
Pi' ::rive: P e r  DS-6 
0 
--A*- 
-.-..-. ---....- 

TRAVELING WAVE TUBE 
V o l t a g e s :  Per DSe6 
-- 
P A  
"'The n o i s e  power is c a l c r ~ l a t e c !  a s  f ~ : . l i , t % ~ :  
+ ix, - 1 Cr.,l-) 9 r-t 
I;. = :.:o i s e  powqr i 7 L~~~p+,~')~ 1~ 
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This procedure establishes the acceptance test methods for  the prototype 
35-Watt S-Band Power Amplifier. 
This test procedure provides the necessary test information to determine 
the acceptability of the prototype 35-Watt S-Band Power Amplifier. 
GENERAL DESIGN REQUIREMENTS 
Description: The WJ-1260 traveling-wave tube amplifier is a long life, 
high efficiency power amplifier consisting of the following major components: 
a .  WJ-448 traveling-wave tube 
b. WJ-1261 power conversion sys tem 
c. RF filter, attenuator, and isolator 
d. Enclosure and mechanical mounting supports a s  required to meet the 
applicable requirements. 
Electrical Requirements 
3. 2.1 Optimization: To assure complete compliance with the electrical and 
performance requirements of this procedure, the power conversion system and the 
traveling wave tube shall be mated and optimized. The optimization shall be accom- 
plished by means of tap adjustments, if necessary, on the paver conversion system. 
3.2.2 Primary Input Power: The power consumption of the power amplifier 
shall  be a s  follows: 
High Voltage Control 
High Voltage On 2 8 2 4 V  dc Less than 135 Watts 
High Voltage Off Less than 25 Watts 
3.2.3. Time Delay: Upon application of the primary voltage, filament voltage 
will be delivered to the TWT, and within 120 2 30 seconds the power amplifier will be 
completely operative. 
3.2.4.  RF Output Power: The power amplifier shall deliver 35 Watts o r  greater  
over an input range of 63 to 158 milliwatts, + 18 to +22 dbm. 
3 . 2 . 5  Input VSWR: The input VSWR shall be 1.3: 1 maximum with the power 
amplifier operating. 
3 . 2 . 6  Telemetry Butguts: Circuits a r e  incorporated in each module to provide 
telemetry outputs representing important parameters.  Short circuits, reactive o r  open 
termination a t  the output load shall not degrade the performance of the prime function of 
the module; however, such terminations may damage the telemetry circuits. 
The telemetry outputs, which shall be isolated from both positive and 
negative returns (double ended); shall be a s  follows: 
High Voltage Control T LM Output 
High Voltage On 0 to 5. 0 volts 
High Voltage On 0 to 5 .0  volts 
Temperature Voltage 0 to 5. 0 volts 
*Helix current telemetry indicates the sum of helix and anode currents .  
Mechanical Requirements 
3 .3 .1  Connectors: The traveling-wave tube amplifier is provided with the 
following connectors: 
a .  RF input J3: TNC-coaxial (female) 
b. RF outputJ2: Type llN" - coaxial (female) 
c.  DC power J1: PTO 7H14- 12P 
3 .3 .  1.1 Pin Designations: The pin connections to the DC power connector a r e  a s  
a .  Primary voltage (positive) 
Pr imary  voltage monitor 
b . Primary voltage (negative) 
Pr imary  voltage monitor 
c. Regulator Output 
d. High Voltage Control 
e. Temperature Telemetry (positive) E 
f .  Temperature Telemetry (negative) F 
g. Cathode current telemetry (positive) C 
h. Cathode current telemetry (negative) D 
i. Helix-anode current telemetry (positive) G 
j . Helix-anode current telemetry (negative) H 
4 . 0  ABBREVIATIONS 
4 . 1  F o r  the purpose of this procedure, the following abbreviations shall 
apply: 
a. Celsius degrees c0 
b. Radio frequency 
c. Hertz 
d. Milliwatt 
e. Voltage standing wave ratio 
f .  Acceptance test  procedure 
g .  Megahertz 
h. Direct current volts 
mw 
VSWR 
ATP 
MHz 
vdc 
i. Oscilloscope 0-Scope 
j .  Decibel db 
k. Decibel-milliwatt dbm 
1. Pounds per  square inch psi 
m.  PouncB p e r  square inch gage 
n. Watkins- Johnson Company 
5 . 0  RESPONSIBILITIES 
5 . 1  Watkins-Johnson Company, Systems Division - Implementation of this 
procedure shall be the responsibility of WJ, Systems Division, Palo Alto, California 
94304, of all  the departments having the responsibility for the engineering, fabrication, 
and inspection functional testing of this power amplifier. 
5 . 2  WJ Systems- Division, Amplifier Section - Performance of the electrical 
tests and measurements specified in this document shall be by technicians provided by 
the ~ i ~ l i f i e r  Section. 
5 . 3  WJ Quality Assurance and Reliability Department - The Calibration 
Group within the QA &R department shall be responsible for the calibration of all  com- 
I mercial test equipment associated o r  used in the performance of this procedure. Test 
equipment shall be certified and marked as being capable of performing within their 
PROCEDURES 
General - A representative of Watkins-Johnson Company Quality Assurance 
shall review al l  test  procedures f o r  adequacy and completeness, and shall monitor and 
review all  test  data obtained from the performance sf these tests  to ensure compliance 
with the applicable specification requirements and this procedure. 
Acceptance tests  - Acceptance tests  shall be performed on the prototype 
power amplifier prior  to  delivery to the customer and shall consist of the tests  defined in 
Power Amplifier failure - A power amplifier failure shall be defined a s  any 
occurrence which results in the inability of the amplifier to continue normal functional 
operation a s  specified in thi s procedure. 
Tolerances - The accuracy of the test equipment shall be verified by cali- 
I 6 .4 .1  Measurement accuracy - Unless otherwise specified, the measurement I accuracy shall be a s  follows: 
i a .  Primary voltage: Plus o r  minus 0 . 5  percent 
b. Primary current: Plus o r  minus 2 .0  percent 
c .  RF power: Plus o r  minus 5 .0  percent 
d. Telemetry voltages: Plus o r  minus 3.0 percent 
e .  Signal levels: (0-Scope) Plus o r  minus 5 .0  percent 
f .  Carrierfrequency: Plus o r  minus 5 MHz 
g. VSWR: Plus o r  minus 15.0 percent 
h. Time: Plus o r  minus 5.0 percent 
i. Weight: Plus o r  minus 2.0 percent 
6 .4 .2  Environmental accuracy: 
a .  Temperature: 
b. Pressure: 
6 .  5 Test  conditions 
6 . 5 . 1  Tes t  environment - Testing of the power amplifier shall be accomplished 
a s  specified herein. Unless otherwise specified, the testing shall be performed a t  25 
plus o r  minus 10 degrees C. 
Plus o r  minus 3.0' C 
Plus o r  minus 10 percent 
6. 5 .2  Temperature stabilization - Temperature stabilization shall be defined 
a s  having been obtained when an interval of a minimum of one hour has elapsed a s  
measured from the time the unit temperature attains the required test  temperature. 
Test  reports - Results of each test conducted shall be fully documented. 
A l l  acceptance test data shall be recorded on the data sheets included in this procedure. 
Test  equipment - The following listed equipment o r  equivalent is required 
to perform the acceptance test. 
Item Manufacturer 
Power Supply Sorensen DCR40-1OA 
Voltmeter 
Current Meter Hewlett-Packard HP428B 
RF Load Thermaline 
Directional Coupler 
Low Pass  Fil ter  FXR LA-20-N 
A ttenuator 
Thermistor Mount Hewlett- Packard HP478A 
Power Bridge Hewlett-Packard 
RF Generator Hewlett-Packard 
Frequency Meter Hewlett- Packard 
Acceptance Test Panel Watkins- Johnson 
Microwave Amplifier Hewlett- Packard 
Running Time Log: A running time log shall be maintained to indicate the 
operation time accumulated on the power amplifier in the performance of these tests.  
Test  procedures 
6 .9 .1  Nominal performance test - The power amplifier shall be operated under 
the test condition of paragraph 6.5.1 and the parameters listed in table 1 under "Nominal 
Performance" shall be measured and recorded. 
6 .9 .1 .1  Primary power consumption and RF Power output 
a .  Test  conditions: 
Primary voltage: 24.0, 28.0 and 32.0 vdc 
RF drive: 65,100,158 mw 
Frequency: 2250 MHz 
b. Parameters to be recorded: 
DC power consumption 
c. Procedure: 
With the power amplifier connected to the test setup shown in figure 1, 
measure and record the dc input current, RF power output and compute 
the dc power a t  each primary voltage and each RF drive level. Also, 
measure and record the primary input power at 2 8 . 0  vdc primary 
voltage and 375 mw RF drive with the converter control in the OFF 
state. 
6 . 9 . 1 . 2  Cathode, Helix-Anode and Temperature Telemetry, and the status of the 
high voltage control. 
a. Test conditions: 
Primary voltage: 28.0 vdc 
RF drive: 100 mw 
Frequency: 2250 MHz 
b. Parameters to be measured: I 
Telemetry outputs. 
c. Procedure: 
With the power amplifier connected to the test setup shown in figure 1, 
measure and record the telemetry output voltages with the high voltage 
control in the ON state. Also record the status of the high voltage 
control. 
6 . 9 . 1 . 3  Dimensions 
a ,  Test conditions 
P e r  paragraph 6 . 5 . 1  
b. Parameters to be measured: 
Physical dimensions 
c. Procedure: 
Mechanically inspect the power amplifier for conformance to Drawing 
WJ- DWG No. 610 785. Record all deficiencies noted. 
6 . 9 . 1 . 4  Weight 
a .  Test conditions: 
P e r  paragraph 6 . 5 . 1  
b. Parameters to be measured: 
Weight 
c. Procedure: 
Weigh the power amplifier and record the weight. 
6 . 9 . 1 . 5  Workmanship 
a. Test conditions: 
P e r  paragraph 6 . 5 . 1  
b. Parameters to be measured: 
Workmanship 
c. Procedure: 
Visually inspect the power amplifier per  W. S. 103072 for cracks, breaks, 
bends, dents, chips, loose connections, loose attaching parts, misalign- 
ment o r  other defects that could render the power amplifier unsuitable for 
the intended purpose. The unit shall be clean and free of burrs, metal 
shaving, dirt o r  other foreign material. Record a l l  deficiencies noted. 
6 . 9 . 1 . 6  Time Delay: 
a. Test Conditions: 
Primary Input voltage: 2 8 . 0  V dc 
RF drive: 100 milliwatts 
Frequency: 2250 MHz 
b. Parameter to be recorded: 
Time Delay. 
c . Procedure: 
With the traveling;-wave tube amplifier connected to the test setup 
shown in Figure 1 ,  apply the primary voltage (high voltage control 
in the "ON" state) and measure the elapsed time to the appearance 
of the RF output power a s  indicated by the output power meter. 
6 . 9 . 1 . 7  InputVSWR 
a .  Test Conditions: 
Primary voltage: 2 8 . 0  V dc 
RF drive: A s  required 
Frequency: 2150, 2250, 2350 MHz 
b. Parameters to be recorded: 
Input VSWR 
c . Procedure: 
With the traveling-wave tube amplifier connected to the test setup 
shown in Figure 2 measure and record the input VSWR a t  the three 
frequencies . 
Temperature - The power amplifier shall be mounted to an adequate 
heatsink using eight bolts. The entire assembly (power amplifier and heatsink) shall 
then be placed into the temperature test chamber and connected to the test se t  up a s  shown 
in Figure 3. Temperature will be monitored by a thermocouple a s  indicated in Figure 4,  
when the power amplifier is in a non-operating mode and by the temperature telemetry 
when in an 'operating mode. 
a.  Test conditions: 
Primary voltage: 2 8 . 0 ,  2 4 . 0 ,  3 2 . 0  VDC 
RF drive: 65, 100, 156 mw 
Frequency: 2250 MHz 
b. Parameters to be measured: 
Measure parameters as specified in Table 1 during applicable 
temperature test. 
c. Procedure: 
With the power amplifier mounted in the test chamber and connected 
to the test setup in Figure 3 test a s  follows: 
(1) Temperature plus 25'~: With the power amplifier not operating 
and the power amplifier's mounting surface stabilized a t  
plus 2 5 ' ~  return the power amplifier to an operating condition 
and measure and record the parameters specified in Table 1. 
(2) Temperature minus 20'~: With the power amplifier not operating 
decrease the power amplifier's mounting surface temperature to 
minus 2 0 O ~  and allow a minimum soak period of one-half hour. 
Return the power amplifier to an operating condition and measure 
and record the parameters specified in Table 1. 
(3) Temperature plus 85'~: With the power amplifier not operating 
increase the power amplifier's mounting surface to plus 85OC and 
allow a minimum soak period of one-half hour. Return the power 
amplifier to an operating condition and measure and record the 
parameters specified in Table 1, while maintaining the tempera- 
ture telemetry at + 8 5 ' ~  maximum. 
6.11 Final performance test - The power amplifier shall be operated under the 
test conditions of paragraph 6 .5 .1  and the parameters listed in Table 1 under "Final 
Performance" shall be measured and recorded. 
6.11. 1 Pressurization: 
a. Tes t  conditions: 
P e r  paragraph 6.5.1 
b. Parameter  to be recorded: 
Leak rate 
c . Procedure: 
With the power amplifier non-operating, pressurize the enclosure to 
15 + 1 psi  and record the pressure after one hour of temperature 
stabilization. Following a period of 8 hours, measure and record 
the enclosure pressure. A change in the pressure of less than 0.25 
psi  in an eight-hour period will constitute successful completion of the 
test. 
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